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ABSTRACT
Two Archaean cratons are exposed in the Precambrian Western Shield of 
Western Australia. They are the Pilbara Block in the north and the Yilgarn 
Block in the south. Isotopic ages suggest that the Pilbara Block may be 
older than the Yilgarn Block. The outcrop areas of the cratons are separat­
ed by a Mobile Belt containing Proterozoic sediments which mask the 
structural relations of the cratons.
In 1977, the Australian Bureau of Mineral Resources (BMR) conducted 
seismic refraction, gravity, magnetic and heat flow surveys aimed at 
delineating the structures of the crust and upper mantle in the region.
Three seismic refraction traverses were undertaken, involving the deployment 
of portable field seismographs at 137 sites. 115 routine quarry blasts at 
the seven open^-cut iron ore mines in the region were used as seismic sources. 
A special blast was prepared and fired by BMR in the north of the Yilgarn 
Block to reverse one of the lines. The Australian National University (ANU) 
deployed 22 field seismographs to record the special shot.
Two of the BMR traverses crossed the regional geological strike, and 
the other paralleled the axis of one of the Proterozoic sedimentary basins. 
The data from one of the traverses perpendicular to the strike, and from 
the traverse parallel to the Proterozoic sedimentary basin, have been 
digitised and presented as record sections. The data from the traverse 
across the regional strike have been analysed, and simple two-dimensional 
crustal models inferred.
The region has upper crustal rocks with seismic velocities of 6.0 km 
s "*■ and acid to intermediate chemical composition overlying a lower crust, 
presumed to be granulites, with a seismic velocity of 6.4 km s  ^ at 13 km 
depth in the north and 16 km in the south. The Yilgarn Block has a third 
layer, with a seismic velocity of about 7.0 km s ^, at the base of the 
crust. It may represent a higher grade (eclogite?) phase of rocks, and/or 
it may indicate injection of basic material into the base of the crust.
The crust is about 28 km thick in the northern part of the Pilbara 
Block and thickens to about 33 km in the southern part. A layer 2 to 3 km 
thick representing Proterozoic sediments may be modelled in the southern 
part of the block without significantly perturbing the travel time curves 
of the model. South of the Pilbara Block, the crust thickens under the
Mobile Belt, and again under the Yilgarn Block wliere it is 52 kin thick.
The form of the structures in the zone of thickening cannot be determined 
uniquely from the present data, and three models incorporating faults or 
monoclines and a wedge of 7.0 km s  ^material at the base of the crust have 
been derived. The models also fit the data from the southern part of the 
ANU traverse, and are consistent with travel time residuals from earthquakes 
at teleseismic distances. The vastly different thicknesses of the blocks 
are cited as evidence that the blocks formed as separate cratons, probably 
in their present relative positions.
The crust-mantle boundary at the base of the Pilbara Block and Mobile 
Belt appears to be transitional with velocity gradients rather than a 
first order discontinuity, although no detailed modelling of the boundary 
has been undertaken at this stage.
Techniques that might improve the interpretation developed so far have 
been suggested, as well as proposals for extension of the interpretation to 
the other traverses.
1, INTRODUCTION
With the space age has come a vast amount of technology which Man, 
always adaptive, has put to a variety of uses. Two inventions in 
particular in the last twenty years have led to a blossoming of interest 
in crustal studies experiments. They are the low powered tape recorder 
and the digital computer.
Low powered tape recorders have allowed the deployment of scores of 
seismic stations, often left unattended for several months. The resurgence 
of interest in the seismic refraction method as a tool for crustal investi­
gations has brought a suite of new techniques, based on the use of high 
speed computers, for the processing and interpretation of the data. Now 
massive amounts of data can be collected, processed and interpreted by a 
few people, whereas once scores would have been required, even provided 
that the task did not seem too daunting to begin with.
Two geoscience organisations are in the forefront of Australian 
research using deep seismic sounding. They are the Research School of 
Earth Sciences at the Australian National University (ANU) and the Australian 
Bureau of Mineral Resources, Geology and Geophysics (BMR). In recent years 
the ANU has pursued an interest in the earth's mantle, and BMR, in keeping 
with its role as a government research organisation whose aim is to aid the 
mining industry, has been concerned with the structures in and composition 
of the crust of the earth. However, as surely as the crust and the mantle 
meet, the interests of the two organisations have often converged 
and on many occasions they have cooperated in seismic refraction 
experiments.
One such occasion was in 1977, when BMR undertook the Pilbara Crustal 
Survey in Western Australia. Part of the experiment involved the detonation 
of a large charge of explosives for a seismic source, and the ANU deployed 
its instruments to record it.
The Pilbara region of Western Australia is part of the Western Shield, 
a Precambrian shield region surrounded by younger sedimentary basins and 
containing the only confirmed Archaean rocks in Australia. The Archaean 
rocks comprise two cratons - the Pilbara and Yilgarn Blocks - whose 
relationship to each other is masked by the sediments of Proterozoic basins 
in a Mobile Belt which lies between them.
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Gold was discovered in the.Pilbara in 1888, and since then twenty*- 
five minerals have been found in economic proportions (The Pilbara Study 
Group, 1974). High grade iron ore is mined at seven large open cut mines, 
and reserves totalling many thousands of millions of tonnes have now been 
proved, mainly in the Proterozoic Hamersley Basin.
The area is remote and rugged, and access to many parts of the region 
was once difficult. However, the feverish activity associated with the 
discovery and subsequent mining of the iron ore reserves has enabled 
scientists to pursue their interests in the geological, geochemical and 
structural relations of Archaean terrains. The Commonwealth Scientific and 
Industrial Research Organisation (CSIRO), BMR, and the Geological Survey of 
Western Australia are all undertaking field research into one or more aspects 
of the geosciences, and of course the mining companies are still doing 
detailed mapping in prospective areas.
One of the aspects of interest to the BMR is the structure of the crust 
in the Pilbara Block, and the question of its relationship to the iron ore 
deposits being mined around its margins.
Fortunately the seven iron ore mines in the region all regularly fire 
large quarrying blasts which produce seismic energy suitable for seismic 
refraction experiments. As well, they are conveniently located for the 
study of the crust. A geophysical study was undertaken in which seismic 
refraction, gravity, magnetic and heat flow data were collected along 
profiles, some of which crossed the regional geological strike while another 
traversed along the axis of the Hamersley Basin outcrop area. As well, a 
large charge of explosives was detonated on the northern edge of the Yilgarn 
Block and recorded northwards along two profiles to the Pilbara Block.
This report presents the interpretation of one line of seismic data, 
in which an attempt has been made to study the structural relations 
between the Pilbara and Yilgarn Blocks.
Simplistic models have been produced from the seismic data. They are 
undoubtedly only approximations to the real earth, and more sophisticated 
modelling techniques have still to be applied to the data. Since only one 
line of seismic data has been interpreted, the details of the models are 
provisional upon the interpretation of data from the other lines. However, 
the models are considered to demonstrate clearly the main changes in the 
crust throughout the region.
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2, GEOLOGY
The crustal survey was a regional one, designed to delineate large 
scale crustal structures, rather than, for example, detailed features in 
the sedimentary basins. The following discussion will therefore be con­
cerned only with the gross features of the geology, as shown in Figure 1, 
which is based on the Geological Map of Australia (BMR, 1976).
The largest Precambrian shield area in Australia is in the western 
part of Western Australia, and is known as the Western Shield (Trendall, 
1975a). It contains two cratons of Archaean age - the Pilbara and Yilgarn 
Blocks - separated by a Mobile Belt with Proterozoic sedimentary basins.
It is surrounded by other Proterozoic mobile belts and Phanerozoic 
sedimentary basins.
2.1 The Pilbara Block
The Pilbara Block contains the oldest isotopically dated rocks in 
Australia. It has a classic Archaean geology - synclinal belts of 
sedimentary and volcanic rocks, usually metamorphosed to low or medium 
grade, overlying and in some cases sinuously enclosing irregularly ovoid 
domes of granitic rocks.
Regional geological mapping is gradually delineating the stratigraphy 
of the Archaean layered succession. Two distinct groups have been deline­
ated. The most widespread in the eastern Pilbara is the Warrawoona Group, 
which is a greenstone (volcanic) assemblage made up of mafic and inter­
mediate lavas and volcanoclastic rocks, with lesser amounts of sediments 
and acid volcanic rocks. The second group is mainly clastic sediments with 
only small contributions of basic volcanic rocks and is called the Gorge 
Creek Formation. The sedimentary facies rocks overlie the volcanic rocks.
About sixty percent of the Pilbara block is made up of granitoids. So 
far, little work has been done on their geochemistry. Hallberg and Gilkson 
(in press) summarise their known geology. At least three phases of granit­
oids are present. The most extensive are large, complex batholithic domes 
which were emplaced into the volcanic Warrawoona Group rocks. They are 
generally ovoid in shape, and their contacts, whilst obviously intrusive, 
are usually concordant with the strike of the volcanics. The margins of the 
granites are often migmatised and gneissic. The gneisses are another form 
of granitoid, but may be a contact metamorphic effect of the batholithic
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domes (A.Y. Glikson, personal c.ommunicaLion, 1978). The domes intrude 
the volvanic facies of the layered succession, but not the sedimentary 
rocks. Hallberg and Glikson (in press) postulate that the sedimentary 
facies was deposited in troughs formed between the rising granitoid domes, 
the sediments being detritus eroded from the granitoids. The third type of 
granitoids - younger, smaller stocks of massive granite - cuts both the 
layered succession and the other granites.
Hallberg and Glikson (in press, Table 5) summarise the isotopic ages 
so far obtained for the Pilbara and Yilgarn blocks. The granitic domes 
have ages of between 2.9 and 3.1 b.y., and the younger, crosscutting stocks 
have ages between 2.6 and 2.7 b.y. However, recent work by R.T. Pidgeon 
(1978a, 1978b) on U/Pb dates from zircons indicates that some of these 
dates may be too low and represent secondary thermal events. He has 
obtained ages of over 3.4 b.y. for the Duffer Formation near the middle of 
the Warrawoona Group, 3.3 b.y. for the Mount Edgar batholith, and 3.3 b.y. 
for the Moolayella adamellite which is a small, massive stock intruding the 
Mount Edgar batholith. The younger stocks may be formed by partial melting 
of the large domes. The similar age for the obviously younger intrusive 
granite may be due to zircons that have survived the reworking (A.Y. Glikson, 
personal communication, 1978).-
2.2 The Yilgarn Block
The northern, central and eastern parts of the Yilgarn Block also have 
a granite and greenstone succession. The greenstones have a general north- 
south linearity. Using tectonic styles and lithologies, Trendall (1975a) 
subdivided the Yilgarn Block into three provinces: the Southwestern, Eastern 
Goldfields and Murchison Provinces. The Southwestern Province does not fall 
within the survey area and will not be discussed in detail. The greenstones 
are not as abundant in the southwest, and the rocks are generally of granulite 
facies. Glikson and Lambert (1976) suggest that a much lower level of the 
crust is exposed in the southwest compared to other parts of the block. 
Structural trends divide the Murchison Province, with a northeast trend, 
from the Eastern Goldfields Province, which has a northerly to north- 
northwesterly trend. The Eastern Goldfields Province can be further sub­
divided into three subprovinces (Williams, 1974).
Correlation of the volcanic and sedimentary rocks between the isolated 
greenstone belts is difficult in the Eastern Goldfields Province. They
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were originally divided into volcanic and sedimentary facies, but where 
the outcrop is good the relationship now appears to be a "complicated 
interplay of volcanic and sedimentary processes" (Williams, 1975, page 45). 
There is an alternation of basic volcanics and acid volcanics and volcano- 
clastic associations with clastic sedimentation in the basins at times of 
volcanic quiescence.
At least three phases of granites are recognised in the Eastern Gold­
fields Province, but Williams (1975) has no reason to suspect three discrete 
episodes of intrusion. He regards the three phases as evidence that the 
magmatism was a continual process, concurrent with regional metamorphism 
and tectonism. In his model for the evolution of the Eastern Goldfields 
Province, mafic and ultramafic volcanic and associated clastic rocks were 
deposited on a shelf or in a shallow basin. Clastic and chemical sediments 
were deposited during periods of quiescence. The granites intruded the 
sequence, forming troughs between the rising domes. Sediments derived from 
the eroding domes were deposited in the troughs.
The geology of the Murchison province is similar to that of the Eastern 
Goldfields Province, but the structure has a more easterly trend.
Isotopic ages, as summarised by Hallberg and Glikson (in press), are 
similar to or slightly younger than the younger suite of massive granites 
in the Pilbara Block. Ages range from about 2.5 b.y. to 2.8 b.y.
2.3 The Hamersley Basin
Unconformably overlying the Archaean rocks of the Pilbara Block are the 
Proterozoic volcanics and sediments of the Hamersley Basin. The axis of 
the basin was near the southern margin of the block. Three lithologically 
distinct groups are found in the basin and are collectively known as the 
Mount Bruce Supergroup.
The basal group, the Fortescue Group, originally extended across the 
entire Pilbara Block, but only remnants are left today. The group consists 
of alternating basalts and sediments. R.T. Pidgeon (1978a, 1978b) has 
dated rocks from the Spinaway Porphyry near the base of the Fortescue Group 
where it outcrops northwest of Nullagine. Using U/Pb isostopes from zircons 
he obtained an age of 2760 m.y. If this age represents the age of the 
volcanism, and the isotopic ages from the Yilgarn Block granites represent 
the time of intrusion, Pidgeon?s date implies that sedimentation began in
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the Hamersley Basin in the Archaean at about the time that granites were 
being intruded into the Yilgarn Block.
Overlying the Fortescue Group with apparent conformity is the 
Hamersley Group. In contrast to the Fortescue Group with its active 
volcanism, the Hamersley Group has very few volcanic rocks. The Hamersley 
Group has eight formations, many of which contain banded iron-formations. 
Those of the Dales Gorge Member of the Brockman Iron Formation are the best 
documented (Trendall, 1975b). They have considerable lateral extent, 
orginally covering the entire basin, and their thickness indicates that 
during their deposition the basin must have been almost totally undisturbed 
for millions of years.
The uppermost group of the Mount Bruce Supergroup is the Wyloo Group, 
which conformably overlies the Hamersley Group. The Wyloo Group formed in 
a deep marginal furrow in the southwest sector of the basin, and its 
sediments are not basin-wide. The rocks are predominantly clastic sediments 
with some volcanics which reach significant proportions locally.
There is a gradual increase in deformation from north to south 
across the Mount Bruce Supergroup. In the north the basal unconformity 
of the Fortescue Group dips south at no.more than a few degrees (Trendall, 
1975b). There is no sign of folding within the sediments, except at the 
eastern and western margins of the basin. The gentle dip persists south­
wards to the Hamersley Range, which represents the axis of the Hamersley 
Range Synclinorium, on whose southern side both the Fortescue and Hamersley 
Groups have a gentle northerly dip. Further to the south the intensity of 
folding increases, with east-west axes. Within the more responsive sediments 
such as banded iron-formations, small-scale folding is also evident. The 
folds have coupled with a regular plunge undulations to create domes and 
basins within the sediments, as anticlines pass laterally into synclines. 
Along the southern boundary of the Mount Bruce Supergroup outcrop area, the 
folding is more intense with dips close to the vertical being common. In 
some cases overturning to the north occurs.
Metamorphism of the Mount Bruce Supergroup rocks is generally green- 
schist facies, reaching amphibolite facies in the Gascoyne Province 
(Horwitz and Smith, 1978) .
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2.4 Nabberu Basin
Unconformably oyerlying the northern margin of the Yilgarn Block are 
the lower Proterozoic sediments of the Nabberu Basin (Hall and Goode, 1978). 
In the west the basin extends into the Gascoyne Province, and to the north 
its sediments are unconformably overlain by those of the Bangemall Basin.
The age of the rocks in the Nabberu Basin is based on stratigraphic position, 
lithological correlation and limited isotopic dating. The basin sediments 
broadly correlate with those of the Hamersley and Wyloo Groups of the 
Hamersley Basin (Horwitz, 1975, Table 1).
Whilst the sediments of the two basins may be equated in time, the 
sedimentary facies are quite different. The Nabberu Basin may be divided 
into three subbasins. In the east, 6000 m of shallow water shelf-type 
sediments were deposited. Further west, the elastics are thicker and finer, 
with some volcanics and greywackes.
The sediments in the south are subhorizontal to gently dipping to the 
north. They are unmetamorphosed. Further north, the metamorphic grade 
increases and the dips are steeper. In the north and the northwest of the 
basin, in what Hall and Goode (1975) call the Stanley Fold Belt, the fold­
ing is intense and the Archaean basement is increasingly involved in the 
deformation. The metamorphism locally reaches granulite grade. The 
structures of the Nabberu Basin therefore systematically mirror those of 
the Hamersley Basin.
2.5 Bresnahan Basin, Mount Minnie Basin
Stratigraphically placed between the Wyloo Group and the Bangemall 
Group (sediments of the Bangemall Basin - see later) are the arenaceous 
sedimentary rocks of the Bresnahan Group and the Mount Minnie Group 
(Daniels, 1975b). They were deposited in small tectonically controlled 
basins called respectively the Bresnahan Basin, to the south of the 
Hamersley Basin, and the Mount Minnie Basin, to the west (Figure 1). The 
relation between the two groups is uncertain, but they can be tentatively 
correlated on the basis of their stratigraphic location and their structural 
characteristics. Both groups developed before the Ophthalmian Fold Period 
(1780 m.y.) and were folded before the formation of the Bangemall Basin.
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2.6 Gascoyne Province
The geology of the Gascoyne Province has not been systematically 
mapped. The known geology is described by Daniels (1975a).
The oldest rocks are migmatised Archaean (?) rocks which have a highly 
irregular foliation pattern. They are overlain by schists and gneisses 
correlated on the basis of lithology with Wyloo Group rocks. The Wyloo 
Group rocks have been variously metamorphosed. Synclinal relics of the 
Bangemall Group occur throughout the province. The Bangemall Group rocks 
are predominantly clastic sediments.
Granitic intrusions of varying ages, textures and compositions abound. 
They are both concordant, some with migmatitic borders, and discordant. A 
set of major faults, with northeast, northwest or easterly trends is the 
main structural feature of the province. It is believed that the major 
fault zones acted as belts in which the Bangemall Group rocks were preserved 
in synclines.
The Gascoyne Province is an important structural unit within the region 
as it is believed to have formed during the Archaean and is still subject to 
tectonism as evidenced by present day seismic activity.
2.7 Patterson Province
The Patterson Province is located to the east of the Pilbara Block and 
has gently dipping sediments of the Fortescue Group on its western margin.
It may be divided geologically into two regions - an old stable western 
shelf and an eastern portion which seems to have undergone metamorphism of 
a much younger age. Tectonically, the Patterson Province seems to be an 
eastern extension of the Pilbara Block (Blockley and de la Hunty, 1975).
2.8 Bangemall Basin
The middle Proterozoic Bangemall Group of the Bangemall Basin overlies 
the southern margin of the Hamersley Basin sediments and is described by 
Daniels (1975c). In the Gascoyne Province the Bangemall Group overlies 
Archaean rocks and younger metamorphics. It also overlies sediments of the 
Bresnahan and Minnie Basins. The Bangemall Group overlaps the sediments of 
the Nabberu Basin to the south. In all of these situations, the Bangemall 
Group rocks have unconformable relations with the older, underlying rocks. 
The depositional duration of the Bangemall Basin is as yet unknown.
The Bangemall Group consists essentially of fine grained clastic
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sediments, some conglomerates and breccias, tufiaceous sandstone, and some 
acid volcanic rocks. In contrast to the Hamersley Basin sediments with 
their excellent lateral uniformity, sediments of the Bangemall Basin are 
marked by lateral facies changes, wedging out and interdigitation. Local 
unconformities are present.
Structural and palaeocurrent studies in the group indicate that the 
basin suffered instability in the early stages of its development. The 
southern part of the basin is thought to have been influenced by strong 
motions associated with the Gascoyne Province. However, the instability 
soon ceased and the basin continued to subside slowly. Dolerite sills were 
emplaced throughout the entire sequence. The sediments were folded, locally 
intensely, with the fold axes parallel to the basin elongation. It is 
thought that the folding is another manifestation of movements along major 
fault and shear zones evident in the Gascoyne Province.
Since cessation of deposition in the Bangemall Basin, the Precambrian 
shield within the area of interest has been a positive landmass. The 
boundaries of the landmass are defined by an unconformity with the Phaner- 
ozoic Officer Basin in the east, the Canning Basin in the north and the 
Carnarvon Basin in the west. The entire region has received superficial 
Tertiary and Quaternary sand and soil cover. The development of Tertiary 
laterite and its associated profile is of economic significance. The 
laterite is one of the chief sources of high grade iron ore in the region.
2.9 Tectonic Development
The two Archaean cratons seem to have similar evolutionary patterns - 
deposition of volcanics and associated sediments as a primaeval crust; 
intrusion by granites, with synclines forming between the rising domes; 
clastic sedimentation in the synclines, with the sedimentary material being 
eroded from the rising domes. Isotopic ages imply that the older granites 
of the Pilbara Block are older than those of the Yilgarn Block.
Horwitz and Smith (1978) have recently discussed the evolution of the 
Hamersley Basin and the Gascoyne Province, They proposed that the Hamersley 
Basin formed as a late Archaean depression, closed to the west, and 
separated by an Archaean ridge from a rapidly subsiding graben in the 
southwest. They recognise shoreline facies rocks extending from the 
Nabberu Basin north across the Mobile Zone and into the Hamersley Basin on
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the Pilbara Block. They propose a continuous belt of sedimentation across 
an Archaean basement which later rifted apart to form the Pilbara and Yilgarn 
Blocks.
Continuous volcanicity occurred in the Hamersley Basin and graben from 
the late Archaean to the early Proterozoic. A marine transgression followed, 
with clastic sedimentation followed by chemical and organic sedimentation 
and fine grained precipitation. Subsistence continued, faster in the graben 
than in the basin, and slumping and gravity,sliding began.
The southern side of the graben is now occupied by the Gascoyne Province. 
The granitic rocks of the province may have been generated by partial melt­
ing of the Yilgarn Block margin (Horwitz and Smith, 1978).
This model for the tectonic development of the Mobile Belt, like that 
of Trendall (1975b) is based largely on the geology of the Hamersley Basin, 
and assumes that the Archaean basement was once continuous between the two 
blocks. The model may need to be modified when more detailed mapping of 
the surrounding area is completed. Pidgeon’s date for the base of the 
Fortescue Group (R.T. Pidgeon, 1978a, 1978b), implies that Fortescue Group 
sedimentation was contemporaneous with the cratonisation of the Yilgarn 
Block, so the assumption of a continuous Archaean basement may not be valid.
3'. THE SURVEY
Full details of the aims and logistics of the survey undertaken by BMR 
are to be given in a BMR record by Drummond (in prep.)* This chapter 
presents a summary, and includes comments on the field work undertaken by 
ANU.
3.1 Aims of the survey
The main aims of the survey were:
(i) to investigate the major structures within the Pilbara Block and 
determine the seismic velocities and densities of rocks within the 
crust and upper mantle;
(ii) to investigate, where possible, the crustal parameters of the north­
ern Yilgarn Block; and
(iii) to investigate the major structures between the Pilbara and Yilgarn 
Blocks, and, if possible, determine the mechanism of formation of the 
Mobile Belt - for example, crustal extension, downwarping, rifting or 
some other mechanism.
3.2 Seismic observation objectives
Drummond (in prep.) describes the objectives of the BMR recording:
"Most seismic interpretation methods require the shots and stations to 
be positioned along straight lines and therefore three lines of recording 
stations were occupied between the mines. The positions of the stations 
are shown in Figure 1 (cf. Figure 1, this thesis)
1. Line ABC had its northern end in the north of the Pilbara 
Block. Southwards, it crossed the granites and greenstone belts 
of the block, the sediments of the Hamersley, Bangemall and 
Nabberu Basins, and had its southern end at Meekatharra on the 
Yilgarn Block. It crossed the geological strike. Shay Gap,
Sunrise Hill and Goldsworthy (at A and G) provided shots at the 
northern end of the line, Newman (B) was in the centre, and a 
specially prepared blast was fired at Meekatharra (C) at the 
southern end.
Recorder spacing on this line was generally about 20 kilo­
meters, and less near the blasting centres. The sections AB 
and BC were each between 300 and 400 kilometers long, with the 
total length of line ABC about 700 kilometers. Since it was
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expected that the first arrivals at distances beyond about 
150 kilometres would be from beneath the Moho, line ABC was 
to have given information on both crustal and upper mantle 
structures. Further information was expected from earth­
quake sources in the Banda Sea (a large earthquake did in 
fact occur just before 14.09 Western Australian Time on 
19 August when the recorders were deployed between B and C).
2. Lines GDE and AHDE also traversed across strike. For 
most of their length they crossed the Pilbara Block, both 
where it is exposed in the north and where Hamersley Basin 
sediments overlap it in the south. Tom Price and Paraburdoo, 
at D, provided blasts in the centre of the lines, which 
extended south of Paraburdoo into the region of Wyloo and 
Bangemall Group sedimentation and the Gascoyne Province.
Unfortunately there was no shot at the southern end of these 
lines. Station spacing was about 20 kilometres, and the 
lines were designed to give crustal information within the 
Pilbara Block and across the southern margin of the Hamersley 
Basin.
3. Line FDB traversed along the axis of the Hamersley Basin 
from Pannawonica in the west (at F) through Tom Price (D) to 
Newman in the east (B). Station spacing was about 20 kilo­
metres between F and D, and 8 to 10 kilometers between D and 
B. This line was to provide upper crustal information between 
the two major north/south traverses, and lower crustal and sub- 
Moho information along the axis of the Hamersley Basin.
It had been hoped to extend recording line GDE further south to the 
Yilgarn Block, and several small traverses had been planned for fan 
shooting from Newman and Pannawonica. However, insufficient time was avail­
able to compete this work."
The RSES recording consisted of one line of stations:
4. Line DC crossed the Mobile Belt between Paraburdoo (at D) 
and Meekatharra (C). Station spacing was about 20 kilometres 
and the line was to provide crustal and upper mantle structure 
between and on the margins of the Pilbara and Yilgarn Blocks.
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3.3 Equipment
Both BMR and ANU used portable field seismographs with magnetic tape 
recorders.
The BMR recorders were single (vertical) component units, using freq­
uency modulation at two gain levels. Coded clock signals and VNG time 
signals were also recorded. The recorders have been described by Finlayson 
(1976). 21 recorders were used, 6 as mine monitors and the other 15 as
mobile stations. The mines only fired blasts during daylight hours, so the 
BMR recorders were preprogrammed to start the tape recorders at 09.00 and to 
stop them at 18.00 each day to save battery power and to prolong the effect­
ive recording life of the tapes.
The ANU recorders were of two types. Both types were slow speed direct- 
record analog recorders. One type used a six track head on a quarter inch 
tape to record three gain levels of single (vertical) component seismic 
signal, plus radio and clock signals. The other type used a fourteen track 
head on a half inch tape to record three gain levels of three components of 
seismic signal plus radio and clock signals. The six and fourteen channel 
recorders are similar in principle to the four channel sets described by 
Muirhead and Simpson (1972). 15 fourteen track recorders and 13 six track
recorders were used, six of the latter as mine monitors. All ANU seismo­
graphs recorded continuously.
3.4 Mobile station operation
The ANU recorders were deployed principally to record the Meekatharra 
blast fired by BMR. They were set up in the weeks preceding the blasts and 
allowed to run for several weeks after the blast.
137 sites were occupied with BMR recorders between 1 July and 16 
September. Stations were occupied for periods of between 1 and 10 days, 
with most being occupied for about 5 days. Recorder moves were usually made 
at weekends, when the mines were not blasting. A drum seismograph was 
operated near the township of Wittenoom, where the survey headquarters had 
been established. The records from the drum recorder were checked daily 
for mining blasts, which were then confirmed by telephone calls to the mines. 
When all the required blasts had been fired, the mobile recorders were moved.
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TABLE 1. O E I U i l C  iiKCORBINO STATIONS
The fo l lo w in g  formate have been uoedi L atitu deo are g iven  in  d egrees  and u in u teo  sou th .
Longitudeo are g iven  in  d egrees  and minuteo ennt. 
Recording p er io d s  are g iven  in  d ays, hours and m in utes.
R ecorder
Number L a titu d e Longitude E lev a tio n
R ecording P eriod  
on of:r
A m p lifier  gain  
in  D ecib e ls Comment s
d h l \  • d li r.i
013 20 31.4 120 0 0 .4 120 24 11 45 30 11 C4 96
007 20 34.1 120 04.4 100 24 09 01 30 11 51 90
012 20 30.4 120 02 .7 80 24 15 03 29 17 07 90
o o 6 20 4 4 .2 120 05 .2 110 24 16 14 30 12 53 unknown dayo in oorroot some o f  tho  
tim e
009 20 4 8 .6 120 04 .4 130 24 09 50 29 17 50 04
000 20 5 3 .5 120 04 .2 190 24 11 15 29 17 15 84
003 20 5 9 .0 120 0 3 .6 190 24 12 48 29 16 31 70
002 21 04.1 119 50 .0 100 24 14 CO 29 15 55 84
005 21 1 0 .0 119 55.7 220 24 08 41 29 16 34 96
011 21 1 6 .3 119 58 .0 260 24 10 04 29 17 00 96
004 21 2 4 .7 120 0 4 .0 305 24 10 52 29 17 40 96
010 21 33.1 120 0 5 .6 420 24 12 11 29 10 10 96
014 21 4 1 .6 120 03 .9 440 24 10 45 29 17 15 96
001 21 5 2 .7 120 06 .5 400 24 03 35 29 18 47 96
015 22 0 2 .2 120 0 2 .0 500 23 16 37 30 09 07 96
012 22 0 9 .6 119 56.7 470 38 17 22 43 18 11 96« *u n t i l  39 09 47
V>>+ + froa  39 09 47
013 22 2 2 .2 119 58 .5 550 38 15 27 43 17 19 96
007 22 31 .4 119 58 .6 435 38 13 23 43 16 30 102 /p rob ab le  f i e ld  error  -  add
233 44 13 46 45 13 47 unknown (1 day to  c lo ck  t im es .
006 22 4 2 .6 119 56 .9 420 38 11 36 43 15 37 90
010 22 4 9 .4 119 59-5 430 33 13 19 43 15 30 96* ♦ u n t i l  42 10 00
90+ ♦from 42 10 00
232 22 5 4 .9 119 59-8 460 45 16 37 53 12 00 96
005 23 0 3 .0 119 58 .0 46O 30 14 40 43 16 00 96 days: c lo ck  reads 2 l e s s
004 23 0 9 .0 119 5 6 .0 400 30 15 17 43 16 33 96
011 23 1 3 .5 119 54 .8 490 38 15 58 43 17 05 96
255 23 13 .7 119 50 .0 540 03 16 50 07 14 23 96 Newman Mine M onitor
07 14 23 53 14 10
53 14 30 79 16 48
015 23 25-7 119 4 8 .3 540 37 15 54 44 03 00 90
006 23 3 4 .0 119 4 5 .6 565 44 16 52 51 11 20 96
014 23 39.1 119 44-7 600 37 14 50 44 09 36 96
001 23 4 6 .O 119 43.1 650 37 13 30 43 16 10 96
007 23 55 .7 119 4 7 .8 605 44 09 43 50 16 35 96 lo g  book comment: " a r t i f i c a l  
tim e" - probably have to  add
1 day.
002 24 0 2 .6 119 43.1 580 38 10 53 43 15 53 96
012 24 16.1 119 4 2 .8 630 45 11 00 50 17 47 96
003 24 3 2 .3 119 38.0 625 38 12 41 43 17 03 96
013 24 4O.6 119 37-2 615 45 13 00 51 00 10 102
000 24 4 7 .2 119 35.6 595 38 14 45 44 08 00 96
004 24 55.1 119 2 6 .3 550 45 00 51 50 15 29 90
011 25 06.1 119 22.1 540 45 10 15 50 16 16 90
005 25 1 4 .6 119 19.7 540 45 11 26 50 17 56 90
010 25 2 6 .9 119 18.1 540 45 12 45 50 17 36 90
015 25 3 6 .6 119 11 .3 555 44 13 26 50 17 28 90
001 25 4 6 .5 119 0 0 .3 544 44 15 19 50 16 43 96 c lo ck  d is p la y  showed 51 days 
when s e t  c o l le c t e d  but should  
be OK.
014 25 55.1 119 51 .8 525 44 16 30 50 15 35 unknown
000 26 0 1 .4 110 41 .5 490 44 11 41 50 17 25 96
009 26 11 .2 110 4 0 .9 480 45 10 06 50 16 45 96
003 26 19 .7 110 38.2 500 44 17 05 50 16 05 96
002 26 2 5 .3 113 34.9 515 44 15 47 50 15 30 96
009 26 31 .5 113 31.7 510 39 09 00 44 11 45 96
005 24 2 7 .2 116 5 5 .6 510 77 09 06 78 16 28 90 running con tin u ou sly
001 24 15 .5 117 0 0 .0 370 77 10 49 78 15 15 96 running con tin u ou sly
015 24 0 4 .5 117 0 5 .6 456 77 12 30 78 14 00 96 running con tin u ou sly
014 23 5 8 .2 117 03 .7 481 77 14 13 78 13 01 96 running con tin u ou sly
012 23 4 5 .6 117 17 .5 330 67 13 45 77 13 28 90
006 23 4 6 .2 117 23.1 330 67 10 03 74 15 56 90 c lo ck -d a y s  are 1 low
74 16 09 76 16 40
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S ta t io n
Numbor
R eco rd e r
Number L a t i tu d e L ongitude E le v a tio n
R eco rd in g  P e r io d  
on o f f
A m p lif ie r  g a in  
in  D eoibelo Comment s
d h in d li I I I
112 014 20 45-7 119 4 2 .0 85 67 13 56 74 13 29 unknown
113 005 20 5 2 .6 119 45-2 130 67 17 40 74 13 57 90
118 015 23 0 9 .0 119 36.7 660 64 15 30 66 11 03 96 ta p e  2 from n i te  162.
119 014 23 11 .2 119 4 2 .0 600 64 17 00 66 10 30 96
121 001 23 13.9 119 4 0 .9 560 31 13 00 37 10 51 78 72 db fo r  f i r s t  d ay .
122 014 23 19 .5 119 36.2 600 31 11 42 37 10 00 96
001 65 07 46 66 00 52
123 015 23 10.1 119 31.0 64O 31 10 45 37 09 24 96
124 005 23 17 .5 119 2 7 .3 665 64 15 51 66 09 25 90
125 010 23 17.2 119 21 .7 630 31 11 05 37 10 04 96
126 010 23 16 .3 119 17 .5 705 64 17 07 66 .10 09 90
127 011 23 12.5 119 12 .3 700 31 12 55 37 11 15 96
128 004 23 0 0 .3 119 12 .0 720 65 07 45 66 11 03 96
133 005 23 07-4 119 05-5 675 31 14 41 37 12 00 96
134 011 23 0 5 .2 119 0 1 .6 700 64 10 02 66 11 54 96
135 004 23 0 3 .9 110 57 .4 760 31 16 06 37 13 05 96
136 003 23 0 0 .3 118 52 .3 740 63 17 59 66 15 45 96 ta p e  2 from s i t e  153«
137 003 22 5 8 .4 118 47-6 720 31 08 59 36 19 20 96
138 000 22 5 5 .6 118 43 .7 740 64 08 02 66 14 55 96 ta p e  2 from s i t e  151.
139 002 22 54-3 118 41.2 740 31 10 20 36 10 49 96
140 257 22 52 .2 118 35.2 750 56 12 05 66 13 48 84
141 000 22 5 4 .0 118 27 .8 800 31 12 05 36 17 33 96
142 002 22 55 .4 110 2 2 .6 680 63 16 45 66 12 33 90
143 009 22 55-3 110 17.1 620 31 13 45 36 1 6 37 96
144 009 22 53 .7 118 12.9 500 63 15 00 66 11 30 96
145 013 22 5 3 .0 110 03.4 560 32 09 30 36 n 00 96
012 64 10 30 66 09 37 unknown ta p e  2 i s  from s i t e  158.
146 012 22 5 1 .3 110 0 4 .0 600 31 16 04 36 17 29 90
006 64 09 10 66 03 50 84 ta p o  2 i s  f r  m s i t e  157»
147 007 22 48.1 118 0 1 .3 630 31 14 30 36 16 31 90
64 12 32 66 10 20 84 ta p e  2 u sed  a t  s i t e  065.
140 006 22 45 .7 117 5 8 .3 655 31 12 28 36. 15 27 90 days ou t by 1 some o f th e  tim e
013 64 13 39 66 11 04 84
149 009 22 38 .6 117 41.7 630 52 14 32 61 14 30 96
61 14 30 63 12 16
151 000 22 35.2 117 36.7 620 52 13 15 61 14 55 96
61 14 57 63 11 41 ta p e  2 used  a t  s i t e  138.
152 002 22 31.5 117 32.1 600 52 12 00 61 15 22 96
61 15 22 63 11 02
153 003 22 2 9 .0 117 27 .2 620 52 10 15 61 16 09 96
ta p e  2 used  a t s i t e  136.61 16 09 63 10 44
154 011 22 24-5 117 2 2 .6 610 52 09 00 61 16 41 90
61 16 41 -
155 007 22 13.1 117 1 7 .6 560 53 11 20 63 10 37 90
63 11 50 -
156 013 22 14 .4 117 10.9 530 53 09 17 63 11 27 64
157 006 22 0 2 .9 117 09 .4 540 52 15 10 62 10 09 84
62 10 15 63 15 40 ta p e  2 used  a t  s i t e  146.
158 012 22 0 1 .6 117 01 .2 430 53 13 20 63 09 11 96
63 09 20 63 14 15 90 ta p e  2 used  a t  s i t e  145*
159 001 22 0 0 .4 116 5 1 .3 360 52 15 00 61 15 57 96
61 15 57 63 17 11
160 234 21 40 .2 116 4 2 .6 320 01 16 03 09 15 02 96 Panna.vonica mine m o n ito r .
09 16 34 56 13 56 Mo ta p e  spoo led  in  f i r s t  r e -
56 14 13 76 15 00 c o rd in g  p e r io d .
1 61 014 21 58 .2 116 4 3 .0 440 52 1 6 45 61 14 35 96
61 14 54 63 18 00
162 015 21 52 .4 116 44 .8 300 52 10 55 61 13 25 96
61 13 25 63 15 0.7 ta p e  2 u sed  a t s i t e  113.
163 010 21 49-5 115 41 .7 300 52 11 03 62 14 43 90 te m p o ra r i ly  o f f  d u r in g  ta p e  1
62 15 31 63 14 30
1 64 005 21 46.1 116 39.1 260 52 13 09 62 13 49 90 te m p o ra r i ly  o f f  d u r in g  ta p e  1.
62 13 54 63 15 05
165 004 21 45-4 116 34 .3 240 52 15 17 62 13 06 90 te m p o ra r i ly  o f f  d u r in g  ta p e  1.
62 13 12 63 13 53
i r ,
S ta tio n
Numbor
Recorder
Uuinbor L a titu d e Longitude E levation
Recording Period  
on o f f
A m plifier gain 
in D ecibels
d h Ul .1 h U)
065 007 23 39-8 117 28.0 200 66 17 04 74 14 30 96
74 14 40 78 08 30
066 013 23 30.2 117 35.0 310 66 15 38 74 13 16 90
74 13 30 • 77 11 05
067 004 23 22.2 117 34.7 315 14 14 35 22 13 46 96
060 010 23 14.0 117 33-7 345 14 15 50 22 13 15 96
069 005 23 10.3 117 42.4 445 14 17 37 22 15 03 96
070 011 23 07.5 117 50.6 400 15 11 38 22 15 35 96
071 001 23 02.6 117 53.1 550 14 15 41 22 13 23 96
072 014 22 58.4 117 51.9 600 14 16 42 22 13 50 96
073 256 22 53.1 117 49.3 700 01 12 42 09 12 23 96
09 12 49 55 17 15
55 17 15 77 10 30
074 015 22 48.1 117 45.4 700 14 13 04 22 14 34 90
075 012 22 44.2 117 48.4 7 8 0 15 15 55 22 14 38 90
076 003 22 44.8 117 53-9 675 15 13 13 22 13 22 84
077 013 22 34.4 117 54-3 710 15 11 03 22 16 46 90
078 009 22 34.0 113 05.0 720 15 14 15 22 15 30 04
079 008 22 29.6 118 09.2 940 15 12 08 22 14 45 84
000 002 22 24.2 113 16.0 600 15 10 38 22 14 00 04
081 232 22 14.9 118 20.5 480 02 10 25 13 15 05 90
13 15 17 45 07 45
082 006 22 08.4 118 21.6 400 16 13 16 22 15 43 84
083 007 22 06.5 118 28.0 410 16 11 27 22 16 25 90
084 014 22 08.1 118 46.3 460 03 11 00 12 14 49 96
12 14 49 13 17 36
085 233 21 58.0 118 50.6 350 02 11 30 10 13 29 96
10 13 29 39 16 00
232 54 13 06 77 14 42 90
086 001 21 46.7 118 49-6 270 02 14 17 12 15 41 96
12 15 41 13 16 33
087 015 21 35.0 118 54.8 280 02 15 35 12 15 17 96
12 16 17 13 16 00
088 010 21 18.4 118 59.2 240 03 14 30 12 17 19 96
12 11 19 13 15 19
089 011 21 24.4 118 55.4 240 03 16 01 13 08 59 96
13 00 59 13 14 12
090 005 21 11.4 119 02.3 260 04 11 05 13 09 39 96
13 09 40 13 15 15
091 004 21 07.8 119 08.2 180 04 15 36 13 10 45 96
13 10 45 13 14 11
092 007 20 59.8 119 11.2 140 03 14 12 13 15 40 90
093 012 20 53-4 119 00.1 120 03 11 07 13 14 39 90
094 008 20 48 .0 119 12.5 95 03 12 15 13 14 16 64
095 002 20 42.2 119 15.3 75 02 16 38 13 15 01 78
096 009 20 35-3 119 17.6 55 03 09 55 13 16 00 84
097 006 20 31.2 119 24.5 45 02 15 25 13 10 20 84
13 10 25 14 09 07
090 013 20 27.9 119 24.9 40 02 13 05 13 09 32 96
13 09 38 14 0 0 25
099 003 20 22.2 119 27.5 60 02 12 15 13 08 40 84
13 09 00 14 08 00
100 257 20 19.9 119 40.2 80 01 16 55 10 09 12 84
10 09 45 49 08 30
233 50 07 41 56 20 00
56 20 0 0 77 13 25
101 015 20 29.5 119 31.3 40 67 16 05 74 12 22 90
102 001 20 37.5 119 35.0 60 67 15 12 74 13 00 96
103 004 20 59.6 119 51.3 200 67 16 13 77 16 55 90
104 010 21 11.8 119 44.6 200 67 14 40 77 18 29 90
105 011 21 19.7 119 37-8 200 67 13 08 77 20 15 90
106 002 21 27.0 119 31.8 200 67 19 11 77 15 41 96
107 009 21 35-7 119 22.0 260 67 17 59 77 16 55 96
108 003 21 45.2 119 15.1 300 67 13 19 77 17 48 96
109 008 21 53-2 119 14.7 310 67 15 47 77 13 09 96
110 257 21 59.6 119 01.4 400 67 11 15 77 - - 90
Cota, l e n t3
tape  1 i s  tape  2 from s i t e  147*
tap e  2 from s i t e  009- Clock 
1 m inute slow u n t i l  15 14 36.
tap e  2 from s i t e  084.
Tom P ric e  Line m onitor.
tap e  2 from s i t e  0p9• 
tap e  2 from s i t e  090.
seismometer knocked over 
d u rin g  reco rd in g  p e rio d .
ta p e  2 from s i t e  097« Clock 
a day out fo r  some o f the time
tap e  2 used a t s i t e  072.
C h ich este r Range mine m onitor. 
Set in o p e ra tiv e  16 10 00 to  
13 16 25 and 43 16 13 to  
45 16 17.
ta p e  2 used a t  o i te  074*
tape  2 used a t s i t e  070.
so t f a i le d .
Duya 9et 1 low. Set la rg e ly  a 
f a i l u r e .  Tape 2 used A s i t e  
00 2 .
Tape 2 used a t s i t e  077«
Tape 2 used a t  s i t e  O76. 
Goldsworthy mine m onitor.
gain  u n c e r ta in .
1 7 .
TAM I-: 2 . ..iINK HI,AST DETAILS 
In t h i s  ta b le ,  mine m onitor numbers UBed are:
L atitu d e  Longitude
025 B.lll Newman n in o  monitor
rnCM 18.7 119 50.8
073 ihr Toui P r ic e  mine m onitor 22 53.1 117 49 .3
081 H._R V/ittenoom n in e m onitor 22 14.9 118 20 .5
085 n.iR C h ich ester  mine m onitor 21 58 .0 118 50 .6
100 mat Goldsworthy mine m onitor 20 19 .9 119 40.2
160 EU? Pannnwonica mine m onitor 21 4 0 .2 116 4 2 .6
204 ANU Goldsworthy mine m onitor 20 20.4 119 31.8
205 ANU Shay Gap mine m onitor 20 2 8 .9 120 06 .6
206 ANU Newman mine monitor 23 21 .8 119 4 1 .9
202 ANU Tom P r ic e  nino m onitor 22 4 3 .8 117 45 .7
201 ANU Paraburdoo mine m onitor 23 13.4 117 3 5 .6
203 ANU Pannawonica mine m onitor 21 4 0 .5 116 1 8 .6
L a titu d eo  are g iven  in  d eg rees  and m inutes sou th , and lo n g itu d es  are g iv en  in  degrees and m inutes e a s t .  Days ore numberod 
s e q u e n t ia l ly  from 1 J u ly  1977 (d ay 01) to  16 August 1977 (day 7 0 ) .  Reported tim es have th e  form at: dd hh mm and shot tim es have 
th e  form at: dd hh mm s s . s s .
N o te :-  »estim a ted
./hen " to ta l  d e lay  in  seconds" i s  marked by an a s t e r is k ,  th e  d e lay  i s  th a t c a lc u la te d  from th e in form ation  on numbers o f  rows, 
h o le s  and d e la y s  between rows provided by th e  m ining companies and i s  a maximum l ik e ly  v a lu e . In a l l  o th er  c a se s  th e  d e la y s  are v a lu e s  
provided fo r  th e  e n t ir e  b la s t  by th e  com panies.
18
3 h n t
Number
L in e Lnt 1 tm le L o n g itu d e E le v a t io n.t .e tre s
Shot Time 
( r e p o r t e d ) 
d h m d
A ctua l Shot 
T lme
h 13 6
L in e  
1 on i t  o r
Shot S ir e  
in  tonnen
T o ta l  Delay 
In Bdonnda 
( • e s t im a te d )
001 P annaw onioa 21 4 1 .5 116 2 7 .0 260 01 14 55 01 14 50 12 .0 0 073 3 2 .0 unknown
002 Newman 23 2 2 .2 119 4 0 .2 640 02 09 30 02 09 31 25 .6 5 073 unknown • 0 .2 1 0
093 S u n r is e  H i l l 20 2 7 .0 120 0 3 .0 200 02 11 30 02 11 24 10 .79 100 3.1 0 .1 4 4
004 Tom P r ln o 2? 4 6 .5 117 4 / .1 950 02 12 0 ) 02 12 03 09 .6 4 f>7 3 2 )8 .0 ) .o o o
005 S u n r is e  H i l l 20 2 7 .9 120 0 3 .5 200 ivt 11 30 04 11 2ft 3^.61 100 2 8 .6 0 .3 4 5
006 Shay Gop 20 2 9 .7 120 0 6 .0 200 04 11 30 n o t found - 1 2 .5 0 .3 4 2
007 Shay Gap unknown unknown unknown n o t r e p o r te d no p o s i t i o n - unknown unknown
008 G o ld sw o rth y 20 2 1 .3 119 3 2 .0 100 05 11 58 05 11 59 4 4 .5 6 100 23.1 .075
009 Ponnuw onloa 21 4 2 .2 116 20 .1 260 05 17 09 05 17 07 5 2 .6 6 073 149.1 unknown
010 Shay Gap 20 2 9 .5 120 0 5 .9 200 07 11 30 07 11 43 16 .3 6 100 31.7 0 .1 1 0
011 P a ra b u rd o o 23 1 3 .9 117 3 5 .9 400 07 12 05 07 12 06  4 6 .7 6 073 146 .3 0 .5 9 5
012 P a ra b u rd o o 23 1 4 .0 117 36.1 400 07 12 06 o v e r r id e s  011 . 47.1 unknown
013 P ara b u rd o o 23 1 4 .2 117 36.1 400 07 12 07 o v e r r id e s  012 - 1 0 .3 0 .3 1 5
014 Shay Gap 20 3 0 .2 120 0 6 .9 200 08 12 00 08 12 16 0 4 .9 0 100 10 .5 0 .1 3 0
015 Shay Gap unknown unknown unknown n o t  r e p o r te d no p o sL tio n - unknown unlinown
0 16 S u n r i s e  H i l l 20 27-9 120 0 3 .5 200 00 15 00 00 15 12 26 .0 9 100 6 .0 0 .1 2 0
017 S u n r i s e  H i l l 20 2 7 .6 120 0 3 .5 200 08 15 00 08 15 15 32 .58 100 7 .5 0 .2 7 0
018 G o ld sw o rth y 20 2 1 .3 119 3 2 .3 100 11 15 25 11 15 24 59-23 100 77.1 .085
019 Newman 23 21 .8 119 4 0 .9 730 12 09 30 12 09 40 37-58 025 unknown 0 .6 4 0
020 S u n r i s e  H i l l unknown unknown unknown n o t re p o r te d no p o s i t i o n - unknown unknown
021 S u n r i s e  H i l l unknown unknown unknown not r e p o r te d no p o s i t i o n - unknown unknown
022 New nan 23 2 2 .3 119 4 0 .4 670 13 09 30 13 09 35 0 7 .2 2 025 unknown * 0 .1 9 0
023 P a ra b u rd o o 23 1 4 .0 117 3 6 .3 400 13 12 16 13 12 17 29*22 073 7 3 .2 0 .4 2 0
024 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .4 200 14 11 45 14 11 45 2 5 .9 0 100 8 .6 0 .1 8 6
025 S u n r in e  H i l l 20 2 7 .6 120 0 3 .5 200 14 II 45 14 11 47 3 2 -4 ' 100 6 .8 0 .1 9 0
026 T arab u rd o o 23 14.1 117 •35 .0 400 14 12 20 14 12 20 23 .2 2 073 68.7 0 .4 5 5
027 P a ra b u rd o o 23 14.1 117 3 5 .6 400 14 12 20 o v e r r id e s  026 - 159.2 1 .4 7 0
028 Newnan 23 2 1 .4 119 4 2 .1 640 15 09 20 15 09 26 53-08 025 unknown * 0 .1 1 0
029 Shay Gap 20 30.1 120 0 6 .7 200 15 11 30 n o t found - 5 0 .0 1 .109
030 G ol d 8v» o r  th y 20 2 1 .3 119 32.1 100 15 11 40 15 11 39 15.51 100 6 9 .8 .315
031 Shay Gap 20 3 0 .2 120 0 6 .8 200 15 11 50 n o t found . 1 6 .4 0 .1 9 9
032 P a ra b u rd o o 23 13*8 117 35-9 400 15 12 16 15 12 15 4 3 .3 9 073 2 0 .2 0 .4 2 0
033 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .5 200 15 15 00 15 15 09 58.51 100 10.7 0 .141
034 S u n r i s e  H i l l 20 2 7 .« 120 O J . j 200 18 11 30 18 10 54 5 3 .5 0 103 4 .6 0 .1 2 4
('35 Ton P r i c e 22 4 6 .4 117 4 7 .0 950 18 12 00 18 12 30 1 /..,(• 073 5 5-3 6 .7 5 0
o j6 Newman 23 2 2 .2 119 3 9 .9 625 19 09 30 19 09 34 14 .22 025 unknown *0 .1 0 0
037 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .4 200 19 11 30 19 11 19 11 .54 100 1 1 .7 0 .3 7 0
038 Shay Gap 20 2 9 .8 120 0 6 .0 200 19 11 30 n o t found - 14.1 0 .0 5 0
039 Pannnw onica 21 4 2 .0 116 3 1 .7 260 19 12 15 19 12 13 52 .0 8 160 168 .3 0 .3 5 0
040 Shay Gap unknown unknown unknown n o t r e p o r te d no p o s i t i o n - unknown unknown
041 P annaw onica 21 4 1 .6 116 27*0 260 19 15 29 19 15 28 13.01 160 9 4 .8 unknown
042 Tom P r i c e 22 4 5 .7 117 4 5 .5 20 12 53 20 12 53  1 6 .6 4 073 128 .3 2 .2 5 0
043 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .5 200 21 15 00 21 15 07 56 .34 100 22 .1 0 .0 1 0
044 S u n r is e  H i l l 20 2 7 .6 120 0 3 .5 200 21 15 00 21 15 11 17-56 100 2 .3 0 .1 6 5
045 Newman 23 2 1 .5 119 4 1 .1 680 22 10 30 n o t found . unknown * 0 .2 1 0
046 Shay Gap 20 2 9 .7 120 0 6 .1 200 22 11 30 22 11 28 0 7 .9 6 100 6 .3 0 .0 9 6
047 Shay Gap 20 3 0 .3 120 0 6 .9 200 22 11 30 o v e r r id e s  O46 - 15.1 0 .4 5 0
048 P annaw onica 21 4 1 .9 116 2 8 .0 260 22 11 40 22 11 40 12 .64 160 2 4 0 .2 unknown
049 S u n r is e  H i l l 20 2 7 .6 120 0 3 .6 200 22 12 00 22 11 52 0 8 .1 6 100 2 .2 0 .1 2 5
0 50 G o ldsw orthy 20 2 ' . 3 119 3 2 .0 100 22 12 02 22 12 05 1 7 .3 3 100 5 3 .3 0 .6 3 0
051 Shay Gap 20 3 0 .0 120 0 6 .6 200 22 15 00 22 15 06  0 2 .9 5 100 7 .8 0 .2 1 5
052 Shay Gap unknown unknown unknown n o t r e p o r te d no p o s i t i o n - unknown unknown
053 Shay Gap unknown unknown unknown n o t  r e p o r te d „0 p o s i t i o n - unknown unknown
054 G oldsw orthy 20 2 1 .3 119 3 2 .0 100 26 12 00 26 11 5 9 1 3 .3 3 100 4 .9 0 .0 4 5
055 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .4 200 26 15 00 26 14 58 5 0 .6 3 100 9 .4 0 .4 7 5
056 s h o t  number 
d e l e t e d _ _ _ _ _ _ _ _
057 Newman 23 2 2 .0 119 4 0 .8 780 28 09 30 28 09 34 55.01 025 unknown * 0 .5 0 0
058 P a ra b u rd o o 23 1 3 .8 117 3 5 .8 400 28 12 20 20 12 20 0 0 .0 9 073 5 7 .5 0 .4 9 0
059 P a ra b u rd o o 23 14.1 117 3 5 .8 400 28 12 22 28 12 21 56 .0 0 073 9 2 .5 0 .4 2 0
060 Pannaw onica 21 4 2 .2 116 2 7 .9 260 28 13 00 28 12 59 33.27 160 144 .5 unknown
061 Shay Gap 20 2 9 .6 120 0 6 .0 200 28 16 00 28 15 14 0 8 .6 3 100 1 .6 0 .1 7 0
062 S u n r is e  H i l l 20 2 7 .9 120 0 3 .4 200 29 11 30 29 11 35 10 .6 6 100 10 .8 0 .4 5 5
063 G o ldsw orthy 20 2 1 .3 119 32.1 100 29 11 58 29 11 57 4 6 .1 2 100 6 8 .0 0 .4 1 0
O64 T oil P r i c e 22 4 6 .2 117 4 6 .6 950 29 12 10 29 12 10 20 .5 2 073 154 .8 2 .5 0 0
065 Shay Gap 20 2 9 .8 120 0 6 .0 200 29 15 00 29 '5 07 27 .7 8 100 1 1 .3 0 .6 6 0
066 Shay Gap 20 2 9 .6 120 0 6 .0 200 30 16 00 30 15 44 19-43 100 4 .8 0 .4 7 0
067 Newwan 23 2 1 .6 119 4 1 .3 610 33 09 30 33 09 24 5 0 .2 6 025 unknown *0 .4 2 0
068 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .4 200 33 15 00 33 '5 17 40 .2 9 100 1 3 .6 0 .5 3 0
069 S u n r i s e  H i l l unknown unknown unknown n o t  re p o r te d o v e r r id e s  068 - unknown unknown
070 Too P r i c e 22 4 5 -9 117 4 6 .0 950 34 13 00 34 13 01 2 1 .3 6 073 11 0 .0 0 .1 2 5
071 Too P r i c e 22 4 5 .8 117 4 5 .5 950 34 13 00 o v e r r id e s  070 073 6 5 .0 0 .1 2 5
072 Shay Gap 20 3 0 .3 120 0 6 .9 200 34 15 45 34 15 40 36 .73 100 2 2 .0 0 .6 1 0
073 G oldsw orthy 20 2 1 .3 119 3 2 .0 100 35 12 12 35 12 12 1 4 .2 5 100 30.7 0 .6 3 0
074 G oldsw orthy 20 2 1 .3 119 3 2 .0 100 35 12 12 o v e r r id e s  073 - unknown -
075 P a ra b a rd o o 23 1 4 .0 117 3 6 .3 400 35 12 18 35 12 18 04 .9 7 073 84.1 0 .5 2 5
076 Newuan 23 2 2 .2 119 4 0 .3 670 36 09 30 36 09 34 45 .4 7 025 unknown *0 .4 9 0
077 Shay Gap 20 2 9 .8 120 0 6 .0 200 36 11 30 rlo t  seen - 9 .9 0 .4 1 5
078 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .4 200 36 11 45 36 11 40 0 3 .1 0 100 2 0 .2 0 .4 1 5
Garments
re c o rd e d  a t  05 11 17 38 .40  on th e  G o ldsw orthy  
m ine m o n ito r  ( s t a t i o n  100)
o v o r r id e s  s h o t 014
reo o cd ed  a t  12 11 22 22 .27  on th e  G oldsw orthy  
m ine m o n ito r  ( s t a t i o n  100)
r e o o r le d  a t  12 15 01 39*43 on th e  C old«w orthy  
m ine m o n ito r  ( s t a t i o n  100)
s h o ts  024 and 025 w ere r e p o r te d  a s  two c h a rg ee  
f i r e d  a s  one s h o t b u t  a r e  o lo a r ly  two s e p a r a te  
s h o ts
re c o rd e d  a t  19 15 13 26 .2 4  on th e  G oldsw orthy  
u in e  m o n ito r  ( s t a t i o n  100)
re c o rd e d  a t  25 15 10 4 7 .7 0  on th e  G o ldrw orthy  
m ine m o n ito r  ( s t a t i o n  100)
re c o rd e d  a t  26 11 20 0 0 .6 1  on th e  G oldsw orthy 
c ir .e  m o n ito r  ( s t a t i o n  100)
S ho t
•Number i lin e L a t i t u d e L o n g itu d e
E lp v u tIo n  
m e tre s
Shot Time 
( r e p o r te d )  
d h m d
A otual lllint 
T lire
h m s
m ine
l .o n i to r
Ohot jl7 ,e  
in  to n n e s
T o ta l  Del ay 
in  seconds 
( • e s t  io ia te d )
Comment e
079 Shay Gap unknown unknown unknown n o t re p o r te d no p o s i t i o n - unknown unknown re c o rd e d  a t  36 17 12 30 .88  a t  t h e  G o ldsw orthy  
m ine m o n ito r  ( s t a t i o n  100)
000 P a ra b u rd o o 23 14.1 117 3 5 .6 400 37 12 15 37 12 13 5 0 .2 0 07 ) 4 4 .4 0 .3 1 5
001 Shay Gap 20 2 9 .6 120 0 6 .1 200 37 15 00 37 19 3) 49 .14 100 1 ' . 5 0 .5 0 0
002 G old sw o rth y 20 2 1 .3 119 3 2 .0 100 40 11 40 40 11 37 42 .0 4 009 2 2 .9 0 .0 4 9
003 Newman 23 2 2 .2 119 39.7 680 41 09 30 41 09 29 5 4 .2 7 029 unknown *0 .4 2 0
004 G oldow orthy 20 2 1 .2 119 3 2 .2 100 41 11 49 41 11 50 50 .9 0 089 18 .9 0 .0 9 0
005 G oldow orthy 20 2 1 .3 119 3 2 .3 100 4 ' 11 50 o v e r r id e s  034 - 2 7 .0 0 .0 9 0  s
onr> Tou r r l o . 22 4 6 .1 117 4 5 .9 950 41 12 14 41 12 14 26 )6 0 7 ) 9 4 .0 0 .1 9 0
007 Shay Gap 20 30 .2 120 0 6 .9 200 41 16 )0 41 16 50 0 0 .4 9 005 7 .2 0 .4 9 5
088 Newman 23 2 1 .4 119 4 1 .9 640 42 09 30 42 09 29 2 6 .7 2 025 unknown *0 .9 4 0
089 Iiewuan 23 2 1 .9 119 4 0 .7 780 43 09 30 43 09 32 35 .59 029 unknown • 0 .5 3 0
090 Shay Gap 20 3 0 .0 120 0 6 .6 200 43 16 30 43 16 36 53 .5 4 209 1 0 .9 0 .7 0 0
091 l.ieek a th & rra 26 3 1 .8 110 3 2 .) 500 46 10 10 46 10 10 0 0 .3 6 - 1 1 .3 0 .0 0 0 L ie e k a th a rra  B la s t
092 S u n r ia o  H i l l 20 2 7 .9 120 0 ) .4 200 46 15 00 not soon - 2 1 .5 0.Ö8C
0 9 ) unknown unknown unknown unknown not ro p o r te d no '0 0 i t  Inn - unknown unknown rso o rd e d  a t  ...BL a t  47 11 )6 40 .9*  G oldsw orthy  
m ine m o n ito r  n o t o p e r a t in g
094 Shay. Gap 20 3 0 .2 120 0 6 .8 200 49 11 30 49 11 34 0 2 .6 3 205 2 0 .9 0 .3 5 0
095 Shay Gap 20 3 0 .3 120 0 7 .0 200 49 11 30 o v e r r id e s  094 - 1 2 .0 0 .3 8 0
096 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .5 200 49 11 45 n o t seon 100 11 .2 0 0 .5 )5
097 Pannaw onioa 21 4 1 .6 1 l6 2 9 .9 260 50 09 )8 n o t seon - 4 8 .4 0 .3 1 5
098 Newman 23 2 1 .4 119 4 1 .8 610 50 11 00 90 11 00 33.51 029 unknown * 0 .940
099 Shay Gap 20 3 0 .3 120 0 7 .0 200 50 11 30 50 11 35 53 .79 1C0 7 .2 0 .2 9 0
100 G oldsw ortliy 20 2 1 .2 119 3 2 .4 100 50 11 48 50 11 43 2 7 .1 0 100 1 7 .0 0 .7 4 5
101 Tom P r i c e 22 4 6 .4 117 4 7 .1 950 50 12 10 50 12 09 5 0 .2 6 073 5 8 7 .0 0 .2 7 5
102 P a ra b u rd o o 23 14.1 117 36.1 400 51 12 15 51 12 14 15 .78 073 3 7 .0 0 .3 8 5
t o ) Tom P r io e 22 4 5 .6 117 4 5 .3 950 51 12 97 51 12 57 0 3 .8 4 0 7 ) 180 .0 0 .1 7 5
104 Ton P r ic e 22 4 5 .7 117 4 > .6 950 .51 12 97 o v e r r id e s  103 0 7 ) 100 .0 0 .1 2 9
105 Shay Gap 20 3 0 .0 120 0 6 .6 200 54 11 30 54 11 35 56 .0 5 100 16.1 0 .5 4 5
106 P a ra b u rd o o 23 1 3 .8 117 3 5 .8 400 54 12 16 n o t found 073 93 .1 0 .0 0 9
107 P a ra b u rd o o 23 1 3 .8 117 3 6 .0 400 54 12 21 54 12 21 11 .89 073 162.1 1 .435
1C0 P ara b u rd o o 23 1 4 .0 117 3 5 .8 400 54 12 22 o v e r r id e s  107 073 301 .5 1 .7 1 5
109 Tom P r ic e 22 4 5 .7 117 4 5 .6 950 54 12 50 54 12 50 36 .73 073 371.0 0 .2 7 5
110 Shay Gap 20 2 9 .4 120 0 5 .7 200 54 15 00 94 15 03 32 .64 100 8 4 .2 0 .9 3 0
111 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .5 200 55 11 30 no s u i t a b l e  m ine 
m o n ito r
100 3 7 .9 1 .329 G old sw o rth y  m ine m o n ito r  m a lfu n c tio n
112 G o ldsw orthy 20 2 1 .3 119 32 .4 100 55 11 30 no s u i t a b l e  m ine 
m o n ito r
100 3 8 .3 O.46O G o ldsw orthy  m ine m o n ito r  m a lfu n c t io n
113 siiay  Gap 20 3 0 .2 120 0 6 .8 200 55 15 30 95 15 54 OO.44 100 15 .4 0 .2 9 0
i m S u n r ia o  M ill 20 2 7 .9 120 0 ) .  ) 200 96 15 00 96 15 09 2 6 .1 6 100 7 .8 0 .2 5 5
115 Shay Gap 20 2 9 .5 120 0 5 .9 200 56 15 00 96 15 37 33 .95 100 1 0 .9 0 .7 5 0
116 Su/LTiHe H i l l 20 2 7 .9 120 0 3 .3 200 97 11 30 57 11 42 24 .9 0 100 6.1 0 .9 0 0
" 7 P a ra b u rd o o 23 1 3 .9 117 3 6 .0 400 97 12 17 57 12 14 36 .10 073 8 0 .9 0 .5 2 5
1 10 Newman 23 2 2 .2 119 4 0 .2 640 60 09 30 60 09 30 56.51 025 unknown * 0 .4 9 0
119 T n rab u rd o o 2 ) 1 4 .2 117 ) 6 .2 400 60 12 15 60 12 14 50 .27 0 7 ) 6 1 .0 0 .4 5 5
120 G oldew ortliy 20 2 1 .3 119 3 2 .0 100 60 '5  37 60 15 37 34-71 100 2 1 .2 0 .0 9 0
121 P a ra b u rd o o 2 ) 1 4 .2 117 35-9 400 61 12 19 61 12 19 36 .38 073 41.1 0 .2 8 0
122 S u n r i s e  H il l 20 2 7 .9 120 0 3 .4 200 n o t r e p o r te d 61 15 11 5 7 .5 9 100 unknown unknown o n ly  s h o t p o s i t i o n  r e p o r te d .
123 Ponnaw onica 21 4 1 .9 116 3 1 .7 260 63 09 15 63 09 15 35 .99 160 1 1 2 .0 0 .3 1 5
124 Shay Gap 20 3 0 .0 120 0 6 .7 200 6 ) 11 30 63 11 36 43- 36 100 16.4 0 .3 8 6
125 Ton P r ic e 22 4 6 .0 117 4 5 .8 950 6 ) 1 ) >0 6 ) 1) 28 5 3 .1 9 0 7 ) 10 0 .0 0 .0 7 5
126 Shay Gap 20 30.1 120 0 6 .8 200 64 i i  45 64 11 54 2 5 .6 9 100 2 7 .5 1 .0 0 9
127 S u n r i s e  H il l 20 2 7 .9 120 0 3 .4 200 • 65 11 30 65 11 25 15 .9 6 100 '7 - 7 0 .5 4 6
128 Newman 2 ) 2 1 .4 119 42.1 640 65 11 00 65 11 25 18 .5 5 029 unknown * 0 .2 1 0
129 Too P r i c e 22 4 5 .9 117 46.O 950 65 12 15 65 12 1 3 4 3 .7 6 073 9 5 .0 0 .1 0 0
1 )0 Fanm vson ica 21 4 2 .2 116 2 7 .9 2<*0 65 12 20 65 12 19 2 7 -5 ) 160 4 0 3 .5 2 .1 7 0
1)1 Shay Gap 20 3 0 .0 120 0 6 .6 200 67 11 30 67 11 39 4 0 .0 5 009 1 1 .5 0 .3 3 6
132 Shay Gap 20 2 9 .5 120 0 6 .0 200 67 15 00 67 15 08 10 .37 085 3 2 .2 1 .3 2 6
1 )3 G oldsw ort hy 20 2 1 .3 119 3 2 .3 100 60 11 55 68 11 55 33 .3 0 100 2 9 .2 0 .3 8 0
1)4 New;., an 23 22 .1 119 4 0 .3 670 69 09 30 69 09 37 58 .5 5 029 unknown * 0 .8 1 0
135 G o ldsw orthy 20 2 1 .2 119 32.1 100 69 11 45 69 11 38 33 .0 3 100 7 .7 0 .0 9 5
136 Shay Gap 20 30.1 120 0 6 .7 200 69 14 00 69 1) 46 5 1 .0 6 100 4 7 .0 1 .9 4 )
137 Newman 23 2 1 .6 119 41.1 600 71 11 00 71 11 02 24 .1 7 029 unknown • 0 .9 1 0
1)8 G oldsw ortliy 20 2 1 .3 119 3 2 .0 100 71 11 52 71 11 51 35 .10 100 4 1 .6 .140
1)9 Tou P r i c e 22 4 6 .4 117 4 6 .9 950 71 12 05 71 12 05 2 6 .7 0 202 1 2 9 .0 .100
140 Shay Gap 20 2 9 .8 120 0 6 .1 200 tim e  n o t 
r e p o r te d
e a r th q u a k e  on mine 
m o n ito r
- unknown unknown re c o rd e d  a t  72 11 )C) 06 a t  L.JBL. E a rth q u ak e  on 
G o ldsw orthy  m ine m o n ito r .
141 S u n r i s e  H i l l 20 2 7 .9 120 0 ) .4 200 72 11 30 72 11 49 51.51 100 33.5 1 .3 )5
142 Shay Gap 20 3 0 .0 120 O 6.6 200 74 11 30 o t  found 100 19.0 0 .2 7 0
1 4 ) Shay Gap 20 2 9 .7 120 0 6 .1 200 74 11 45 74 11 51 56 .3 4 100 9 .4 0 .0 9 0
144 Shay Cap unknown uidinown unknown n o t r e p o r te d no p o s i t i o n - unknown unknown re c o rd e d  a t  79 11 37 29 .3 9  on th e  G oldsw orthy  
m ine m o n ito r  ( r e o o r d e r  100 ).
145 Newuan 23 2 1 .4 119 4 1 .6 610 76 11 00 76 11 08 4 6 .1 9 025 unknown • 0 .6 0 0
146 Shay Gap 20 30.1 120 0 6 .7 200 76 1 1 30 76 11 32 50.71 100 4 .0 0 .1 )5
147 Shay Gap unknown unknown unknown n o t re p o r te d no p o s i t i o n - unknown unknown re c o rd e d  a t  TO 11 43 19*21 on th e  G oldsw orthy  
m ine m o n ito r  ( r e c o r d e r  100 ).
140 S u n r i s e  H i l l 20 27 -9 120 0 3 .4 200 76 11 30 76 12 04 13 .07 100 35.2 0 .0 9 0
149 P a ra b u rd o o 23 14.1 117 3 6 .3 400 76 12 42 76 12 40 38 .12 073 156.1 1 .0 1 9
150 S u n r i s e  H i l l 20 2 7 .9 120 0 3 .5 200 77 11 45 lo t  found 100 1 0 .6 0 .3 9 0
151 Ponnaw onica 21 4 1 .6 116 2 9 -9 260 77 11 42 77 14 26 0 4 .6 2 069 95-2 0 .3 5 0
152 Newuan 23 2 1 .4 115 4 2 .1 640 78 10 30 78 10 30 10 .69 029 unknown * 0 .3 9 0
153 P a ra b u rd o o 23 1 3 .9 117 3 5 .8 400 78 12 15 78 12 12 4 6 .8 3 202 101 .8 1 .0 1 9
154 Too P r i c e 22 4 5 .8 117 4 5 .6 950 78 12 44 78 12 40 54 .6 4 202 157 .0 0 .1 7 5
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TABLE 3. ANU SEISMIC RECORDING STATIONS
The following formats have been used: Latitudes are given in degrees and
minutoo' south;
Longitudes are given in degrees and 
mintues east;
Recording periods Eire given in day6, 
hours and minutes, the days being 
numbered sequentially from day 1, 1 July,
1977» Times are Western Australian Standard 
Time.
Station
Number
Tape
Number
Rocordor
Number Latitude Longitude
Recording Poriod 
on off Comments
d h m d h m
MEK01 01 004 26 27.0 118 27.0 21 17 00 37 16 35 Tape 2 - no timing
02 37 16 35 49 05 33 corrections
HEK02 01 001 26 16.8 118 21.3 21 16 00 37 15 41 Tape 1 - timing
02 37 15 41 55 12 12 corrections
questionable
MEK03 01 003 26 06.4 113 17.1 21 15 00 37 14 39 Set malfunction
02 37 14 39 43 08 08 Set malfunction
MEK04 01 002 25 58.9 118 09.8 21 13 00 37 13 29 Tape 1 - time code
02 37 13 29 43 02 50 stopped counting
KEK05 01 H08 25 51.3 118 05.7 24 11 00 54 14 23
MEK06 01 H03 25 41.5 118 04.4 25 12 00 54 13 47
MEK07 01 H04 25 29.6 117 58.4 24 13 00 54 13 04
MEK08 01 1106 25 21.6 117 59.4 37 11 00 54 12 32
MEK09 01 H01 25 12.6 118 08.2 24 15 00 54 11 51 Tape jumped pinch 
rollers; no timing 
corrections
HEK10 01 HO 7 25 02.9 118 10.2 25 15 00 57 13 35
MEK11 01 H09 24 53.4 118 04.4 26 09 00 55 02 38
MEK12 01 HI 5 24 48.5 118 06.4 26 10 00 53 09 07 No clock, radio or 
seismic channels
MEK13 01 H06 24 43.1 117 59.1 26 11 00 23 02 00 1 clock channel, no
other channels
operating; tape around 
pinch rollers
IEK14 01 HI 3 24 34.0 117 56.0 26 13 00 57 16 49 No timing corrections
MEK 15 01 HI 1 24 13.2 118 14.1 35 12 00 59 14 14
MEK16 01 1102 24 09.8 113 02.4 35 11 00 59 15 04
MEX17 01 1112 24 02.1 117 54.0 35 10 00 54 19 00
MEK18 01 HI 4 23 52.9 117 48.5 35 07 00 59 16 36
MEK 19 01 1109 23 45.0 117 45.0 34 16 00 59 16 36 No timing corrections; 
motor had stopped
MEK20 01 H05 23 40.1 117 39.4 33 13 00 59 17 35
MEK21 01 1105 23 30.6 117 34.4 33 15 00 59 08 00
MEK22 01 m o 23 19.3 117 41 ,0 33 17 00 60 12 59
PI-3101 01 1102 23 13.4 117 35.6 34 08 00 60 14 05 Paraburdoo mine monitor;
02 60 14 05 94 10 32 malfunction both tapes
p>n-io2 01 N10 22 43.8 117 45.7 60 15 00 77 20 00 Ton Price nine monitor; 
malfunction tape 1
PMH03 01 N07 21 40.5 116 13.6 23 17 00 50 15 06 Pannawonica mino
02 50 15 06 98 14 25 monitor
PI 3104 01 N04 20 20.4 119 31.8 30 13 00 51 17 23 Goldsworthy mine
02 51 17 23 86 02 00 monitor
PI-3105 01 N03 20 28.9 120 06.6 30 11 00 51 15 31 Shay Gap mine monitor
02 51 15 31 85 15 00
Pl-3-106 01 N03 23 21.8 119 41.9 31 15 00 53 03 03 Newman nine monitor
02 53 09 00 87 03 00
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3.5 Surveying of recording stations
Up^-to-date topographic maps, orthophoto maps or pre-publication maps at 
1:100 000 scale were available for most of the survey area. Before the 
survey began, aerial photographs were obtained for every planned station.
When the recorders were set up at the stations, their positions were 
pricked with a pin on the aerial photographs and, where possible in the 
field, marked on the topographic maps. After the survey the positions were 
transferred to the topographic maps from which the coordinates were scaled 
directly in degrees and minutes. The elevations were interpreted from the 
maps’ contours. In cases where the station positions could not be accurately 
transferred from aerial photographs to the topographic maps, the Australian 
Survey Office, Department of Administrative Services provided the coordinates 
by relating the positions on the photographs to the flight path diagrams.
On several occasions in the field the station position could not be 
accurately located on either the topographic maps or the aerial photographs. 
The recorders were placed near bench marks, the coordinates and elevations 
of which were provided by the Survey Office.
The BMR stations have an estimated accuracy of better than 100 m in 
their coordinates and several metres in their elevations.
The coordinates of the ANU stations were scaled from topographic maps 
at 1:250 000 scale and probably have an accuracy of several hundred metres. 
Estimates only were made of the station elevations. In some cases the 
estimates may be in error by several hundred metres. The stations were 
placed near wells and roads clearly shown on the maps. The ANU mine 
monitor coordinates were scaled from topographic maps at 1:100 000 scale.
The BMR station coordinates and elevations, with recording periods and 
recorder gains,are listed in Table 1. Those of the ANU stations are listed 
in Table 3.
3.6 Shot details 
3.6.1 Shot statistics
Seven iron ore mines regularly fire large quarrying blasts in the 
Pilbara region.
Goldsworthy, Shay Gap and Sunrise Hill are situated in the north of the 
Pilbara Block. Several shots of up to 80 tonnes of explosive are fired
every week at the Goldsworthy mine. The blasts at Shay Gap and Sunrise 
Hill are smaller, and each mine has a blast almost every day.
The blasts at the Newman mine, in the southeast of the Hamersley Basin, 
are estimated at greater than 100 tonnes of explosive. At least one is 
fired every week. Despite the large delays in the charges and 
and the large aerial extent of the blasts, the seismic energy from the Newman 
shots was usually quite coherent, although there were some exceptions.
The Tom Price and Paraburdoo mines are situated in the centre of the 
Hamersley Basin outcrop area. Each mine has at least one blast per week.
Most are larger than 100 tonnes of explosive, and one Tome Price shot was 
almost 600 tonnes.
Pannawonica is in the west of the Hamersley Basin. Blasting at the 
Pannawonica mine is not as regular as it is at the other mines. Generally 
several shots are fired within a few days of each other, and then no more 
are detonated for several weeks.
The blast coordinates were provided by the mining companies, either as 
mine grid coordinates or as Australian Metric Grid coordinates. Conversion 
factors provided by the Australian Survey Office were used to convert the 
mine grid coordinates to latitudes and longitudes. The mining companies 
provided the Survey Office with the information needed to calculate the 
conversion factors.
A charge of 11 tonnes of explosive was prepared and fired by BMR at 
Meekatharra on the northern edge of the Yilgarn Block. It was to reverse 
the line of recording stations south of Newman. The explosive was loaded 
down a disused mineshaft which was then backfilled. The blast was instant­
aneous, with no delays as in the mining blasts. As a seismic source it was 
therefore equivalent to larger mining blasts. The coordinates and elevation 
of the blast were scaled from a 1:100 000 topographic map.
The shot coordinates and elevations are listed in Table 2.
3.6.2 Shot timing
Mine monitor recorders were installed near all of the mines at the 
beginning of the survey and maintained for the duration of the survey.
During the survey, the monitors were calibrated by recording a blast 
at each of the mines on a recorder placed very close to the explosion.
Travel times to this recorder and the mine monitors allowed the calculation 
of the seismic velocities from the mines to the monitors, At the end of the 
survey, the tapes from the monitors were replayed and the arrival times of 
the shots at the monitors calculated. A correction consisting of the shot- 
to^monitor distance divided by the local seismic velocity was then sub­
tracted to convert the arrival times to shot times.
136 shots were reported by the mining companies in the period from 1 
July to 16 September. Some could not be found on the mine monitors, the 
drum recorder at Wittenoom or the recorder at the Marble Bar seismic 
observatory (MBL). 18 shots not reported by the mining companies were
observed on the MBL records. 115 shot times were calculated. They are 
listed in Table 2.
3.7 Gravity and magnetic survey
A road gravity survey was done concurrently with the seismic survey.
Some helicopter gravity traversing was also undertaken. H. McCracken, in 
Drummond (in prep.), gives the details.
The gravity survey was planned to provide gravity profiles that were 
more precise than those from the regional data already available (BMR, 1975). 
Over 2000 gravity readings were made at bench marks along roads in the area. 
Station spacing was generally less than 4 kilometres. Readings of total 
magnetic intensity were also made at every gravity station.
The roads along which the traverses were made are marked on Figure 1.
3.8 Scope and limitations of this report
This report aims to present an interpretation of the seismic data from 
line ABC. The data from line DC were also studied, and a comparison made 
with the results from line ABC. The data from line FDB have also been 
prepared for interpretation and listed.
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4. DATA PROCESSING
4,1 Principal wave group definitions
Before describing the procedures followed in processing the data for 
interpretation, a summary should be given of the principal wave groups 
observed in the Pilbara region and the nomenclature used throughout this 
report to describe them.
Travel time data generally fall into groups, each group being repres­
entative of the method by which the seismic waves, having penetrated the 
earth, are returned to the surface (e.g. by reflection or refraction) and 
the anomalous part of the earth that caused them to return. No suite of 
definitions can ever cover the multitude of variations of wave groups that 
are found in the complicated crust of the earth, where both vertical and 
lateral inhomogeneities occur, so a simplified system where definitions 
loosely define sets of wave groups is required.
In this report, the nomenclature of Giese (1.976) will be followed, but 
with some qualifications. The main wave groups found in the Pilbara study 
are shown diagrammatically in Figure 2. They are:
Pg wave group - This is a group of waves generally associated 
with the crystalline basement. Giese calls it 
the "upper crustal" group. Pg phases in the 
Pilbara region occur as first arrivals out to 
about 130 km, after which they can often be 
traced as second or third arrivals. Pg waves 
have velocities of about 6.0 km s ^.
P* wave group - In some parts of the Pilbara survey area a 
refraction phase from the lower crust is 
present. It is seldom a first arrival, and 
has P wave velocities between 6.4 and 7.2 km 
s ^. Giese includes these waves in the Pg 
group.
P1 wave group - This group is the supercritical reflection
phase from the lower crustal zone responsible 
for the P* group. It is most apparent near 
the critical point, where its amplitudes are 
often largest, and is sometimes indistinguishable
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from the P* group, Its apparent velocities 
range between those of the Pg and P* wave 
groups, Giese also includes these in the 
Pg group.
MP wave group - The supercritical reflections from the
Mohorovicic discontinuity make up this, group.
Giese also includes some refractions near the 
critical point because of the difficulty of 
separating the two phases. The group generally 
forms a convex travel time branch, and has 
large amplitudes. Apparent velocities lie 
between those of the P* and Pn wave groups.
Pn wave group - Pn waves penetrate the upper mantle. No
distinction will be made between head waves 
and refracted (diving) waves. In the Pilbara 
they plot as first arrivals beyond about 130 
km and generally have apparent velocities 
greater than 8.2 km s ^.
4.2 Digital processing of BMR data
The BMR field tapes were replayed and analog chart records made of each 
event. Since the BMR digital data acquisition system will digitise only one 
seismic channel, the chart records were examined and a decision made to 
sample either the high or low gain channel. The tapes were then rewound 
and the selected seismic channel sampled at 2 ms intervals by a 16 bit 
analog-to-digital converter. The high gain trace was usually sampled, even 
if there was no arrival evident in the background noise. The low gain 
channel was digitised only if the high gain channel had lost definition 
because the modulator has saturated and the arrivals were clear on the low 
gain channel. The only signal enhancement procedures adopted were amplitude 
normalising and digital bandpass filtering.
Because the tapes were replayed at 8 times their record speed, the 
seismic channels were effectively digitised at 16 ms sampling intervals, 
giving a folding (Nyquist) frequency of about 31 Hz. This is well above the 
high cut frequency of the anti-alias filter, which was set so that the 
amplitudes were attenuated by 3 db at 20 Hz. 20 Hz was chosen as the cut 
off point for the anti-alias filter because the seismic amplifiers have
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built-in bandpass filters which had been set in the field with a high-cut 
frequency of 20 Hz, and it is also close to the limit of the frequency 
response of the frequency modulation/demodulation system.
About 3 minutes of signal were digitised for each trace, thereby 
ensuring that both the P and S wave trains were digitised. The digital data 
were stored on disc files in the computer system, each file corresponding 
to one trace. About 500 such files were made for lines ABC and FDB.
All of the recordings of the blasts at the Goldsworthy, Shay Gap,
Sunrise Hill and Newman mines and the Meekathara blast made along line ABC, 
and the recordings of the Newman, Tom Price, Paraburdoo and Pannawonica 
blasts recorded along line FDB were digitised. Records sections for all of 
the shots, or, where convenient, groups of shots were then plotted. They 
are shown (on microfiche) in Figure 3.
Selected events were then chosen, usually on the basis of their large 
amplitudes or the clear nature of their seismic signature, for composite 
record sections for each segment of line ABC. They are reproduced in 
Figures 8 to 12. The traces on the composite record sections were all 
band-pass filtered, using a digital filter, between 0.5 and 8.0 Hz.
All of the record sections were originally plotted at four times the 
scale of Figures 8 to 12, and used as working diagrams.
4.3 Velocity analysis
Several wave groups were evident in the record sections. Their arrival 
times could be measured more accurately on the analog chart records, which 
had a time scale of 25 mm per second, than directly from the record sections. 
Travel times were then calculated. They are listed (on microfiche) in 
Table 4. The travel times should be accurate to within 0.05s, this being 
the cumulative error in scaling both the shot and arrival times, and in 
each case applying corrections for parallax between the channels, and 
corrections for clock drift. Greater errors were likely to occur in the 
subjective picking of the onsets of the arrivals, which were often emergent. 
No elevation corrections were made to the travel times. The terrain, 
although rugged in places, has a grade of only about 500 m across the survey 
area, from about 100 m near Goldsworthy to about 600 m near Newman and 
Paraburdoo. The greatest terrain corrections would therefore be less than 
0,15s? and were considered sufficiently small to be neglected.
TABLE 6 .  VELOCITIES AND INTERCEPTS FROM LINEAR REGRESSION 
ANALYSIS
S o u r c e  & d i r e c t i o n P h a s e V e l o c i t y ( S t d * ) E r r o r I n t e r c e p t  ( j ^ )
RMS.
' R e s i d u a l
No. o f  
P o i n t s Comments
LINE A B C  
G o l d s w o r t h y  s o u t h PE* 6 . 0 1 2 ( 0 . 0 2 5 ) 0 . 0 3 4  ( 0 . 0 5 3 ) 0 . 1 0 9 26 F i r s t  a r r i v a l  d a t a  o n l y
G o l d s w o r t h y  s o u t h Pg 6 .0 3 9 ( 0 . 0 1 5 ) 0 .0 3 3  ( 0 . 0 4 2 ) 0 .1 1 6 33 A l l  d a t a
G o ld s w o r th y  s o u t h Pn 8 . 2 1 0 ( 0 . 0 4 1 ) 5 .3 3 8  ( 0 . 1 6 4 ) 0 .0 5 6 7 S h o t  082 N o f  Newman
G o l d s w o r t h y  s o u t h Pn 8 .1 3 8 ( 0 . 0 4 4 ) 6 .0 3 8  ( 0 . 1 6 4 ) 0 . 0 3 4 4 S h o t  O84 N o f  Newman
G o l d s w o r t h y  s o u t h Pn* 8 . 1 9 7 ( 0 . 0 4 3 ) 5 .9 1 3  ( 0 . 1 6 8 ) 0 . 1 5 9 17 A l l  d a t a  N o f  Newman
G o l d s w o r t h y  c o u t h Pn S .4 3 4 ( 0 . 0 3 1 ) 7 .0 71  ( 0 . 1 7 2 ) 0 . 0 5 0 5 S h o t  0o2 S o f  Newman
G o ld s w o r th y  s o u t h Pn 0 . 5 0 7 ( 0 . 0 2 9 ) 7 .4 0 7  ( 0 . 1 4 9 ) 0 . 0 4 5 6 S h o t  084 S o f  Nownan
G o ld s w o r th y  s o u t h Pn* 3 . 5 2 3 ( 0 . 0 4 3 ) 7 .3 9 7  ( 0 . 2 2 9 ) 0 . 1 1 2 11 A l l  d a t a  S o f  Ilewman
S u n r i s e  H i l l  c o u t h PC* 6 .0 0 7 ( 0 . 0 2 3 ) 0 . 1(82 ( 0 .0 4 1  ) 0 .101 23 F i r G t  a r r i v a l  d a t a  o n l y
S u n r i s e  H i l l  s o u t h PG 6 . 0 0 2 ( 0 . 0 1 4 ) 0 .1 7 6  ( 0 . 0 3 4 ) 0 . 1 0 0 28 A l l  d a t a
Shay  Gap c o u t h p g * 6 .051 ( 0 . 0 1 5 ) 0 . 1 9 0  ( 0 . 0 3 6 ) 0 . 1 0 7 27 F i r s t  a r r i v a l  d a t a  o n l y
Shay  Gap c o u t h Pc 6 . 0 7 5 ( 0 . 0 1 4 ) 0 .2 2 4  ( 0 . 0 4 3 ) 0 . 1 4 0 30 A l l  d a t a
Shay Gap c o u t h Pn* 8 . 1 7 7 ( 0 . 1 1 2 ) 5 .6 8 4  ( 0 . 3 9 6 ) 0 . 1 7 9 6
Newman n o r t h PG 5 .9 2 2 ( 0 . 0 5 2 ) - 0 . 0 1 8  ( 0 . 1 1 2 ) 0 . 1 3 2 7 S h o t  083
Newman n o r t h Pg 5 . 8 0 4 ( 0 . 0 5 2 ) - 0 . 2 0 7  ( 0 . 0 9 3 ) 0 . 0 9 7 7 S h o t  038
Newman n o r t h pg 5 . 3 4 4 ( 0 . 1 1 0 ) - 0 .2 6 1  ( 0 . 2 9 5 ) 0 . 2 3 4 6 S h o t  039
Newman n o r t h p g * 5 . 8 6 4 ( 0 . 0 3 7 ) - 0 . 1 3 4  ( 0 . 0 9 0 ) 0 . 1 9 7 20 A l l  d a t a
Newman n o r t h Pn* 3 .4 3 9 ( 0 . 0 5 0 ) 6 .991  ( 0 . 1 6 9 ) 0 . 1 7 8 18 Long p e r i o d  a r r i v a l s
Newman n o r t h Pn? 8 . 4 7 0 ( 0 . 0 5 5 ) 7 .5 4 6  ( 0 . 1 9 3 ) 0 . 0 4 4 7 S h o r t  p e r i o d  a r r i v a l s
Newman c o u t h PC* 6 . 0 7 8 ( 0 . 0 3 7 ) 0 .0 4 4  ( 0 . 1 0 4 ) 0 . 2 2 7 20
Newman s o u t h Pn* 8 . 4 6 5 ( 0 . 0 6 7 ) 7 .7 3 0  ( 0 . 1 3 7 ) 0 . 0 7 7 7 175 t o  255  k i l o m e t r e s
Newman s o u t h Pn* 7 . 2 5 3 ( 0 . 0 4 9 ) 2 .7 4 3  ( 0 . 3 0 6 ) 0 . 0 9 7 9 25 5  t o  370  k i l o m e t r e s
l l o e h n t h a r r a  n o r t h pg 6 . 0 5 0 ( 0 . 0 3 3 ) 0 .071  ( 0 . 0 6 4 ) 0 . 0 7 3 7 Y i l g a r n  B lo c k  d a t a  o n ly
M o o k a t h a r r a  n o r t h r e * 6 . 1 2 3 ( 0 . 0 1 3 ) 0 .1 71  ( 0 . 0 6 2 ) 0 . 1 0 2 11 A l l  d a t a
M e e l i a t h a r r a  n o r t h Pn* 8 . 6 3 5 ( 0 . 1 0 7 ) 10.601 ( 0 . 5 8 5 ) 0 . 3 1 4 6
M e o lc a th a r r a  s o u t h Pn O.0G3 ( 0 . 0 2 6 ) 6 . 3 7 3  ( 0 . 2 3 3 ) 0 . 1 0 8 7
LINE F D D
Newman w o s t Pg * 6 . 6 7 6 ( 0 . 1 9 3 ) 0 .1 2 6  ( 0 . 0 7 5 ) 0 . 0 3 9 10 0 t o  60  k i l o m e t r e s
Newman w e s t p g ?* 6 . 4 6 2 ( 0 . 0 5 4 ) 1 .1 5 3  ( 0 . 1 2 4 ) 0 .071 8 60  t o  150 k i l o m e t r e s ,  
f i r s t  p h as o
Nownan w o s t ? g ?* 6 . 5 1 6
*26o 2 . 1 3 4  ( 0 . 1 6 9 ) 0 . 1 7 2 10 60 t o  190 k i l o n e t r o s ,  
s o c o n d  p h a s e
Newman w e s t p g ?* 6 . 6 5 2 ( 0 . 2 3 7 ) 2 .7 5 3  ( 1 . 2 7 3 ) 0 . 1 3 2 5 190 t o  2 u 0 k i l o m e t r e s
Newman w os t r c ? * 6 . 7 1 7 ( 0 . 0 7 1 ) 6 .2 o 3  ( 0 . 5 1 2 ) 0 . 0 9 9 7 23 0  t o  330  k i l o m e t r e s
Nowman w os t Tn* 7 . 7 9 2 ( 0 . 0 7 4 ) 5.9^(2 ( 0 . 2 3 6 ) 0 . 0 6 3 5
Tom P r i c e  e a s t Pc* 5 . 3 8 0 ( 0 . 0 5 7 ) - O .312  ( 0 . 0 5 1 ) 0 . 0 2 9 3 0 t o  40  k i l o m e t r e s
Torn P r i c e  e a s t Pc* 6 . 4 3 9 ( 0 . 0 4 8 ) 0 . 4 2 0  (O .O 9 4 ) 0 . 0 3 9 5 40  t o  110 k i l o m e t r e s
Ton P r i c e  e a s t Pc* 6 . 3 9 2 ( 0 . 0 5 6 ) 0 . 9 1 4  ( 0 . 2 0 1 ) 0 .1 1 6 11 95  t o  1o0  k i l o m e t r e s
P a r a b u r d o o  o n o t p c 6 . 3 1 7 ( 0 . 0 7 1 ) 0 .6 5 '(  ( 0 . 2 3 2 ) 0 . 0 6 7 6 95  t o  130 k i l o m e t r e s
P a r a b u r d o o  eaG t Pc* 6 . 3 1 7 ( 0 . 0 3 1 ) 0 . 6 5 0  ( 0 . 0 3 3 ) 0 . 0 7 9 11 A l l  d a t a
Tom P r i c e  w e s t p g * 6 . 1 5 9 ( 0 . 0 2 5 ) - 0 . 1 0 5  ( 0 . 0 7 5 ) 0 . 1 3 3 21
P a r a b u r d o o  w e s t D c *  * O 6 . 0 2 7 ( 0 . 0 4 0 ) 0 .0 3 6  ( 0 . 1 2 5 ) 0 . 1 3 7 21 E x c l u d i n c  s h o t  119
P a r a b u r d o o  w os t Pc 6 . 1 2 3 ( 0 . 0 3 0 ) 0 .6 9 7  ( 0 . 1 0 4 ) 0 . 1 0 9 11 S h o t  119
P a n n a w o n ic a  eaG t D rw #O 6 . 1 3 6 ( 0 . 0 2 6 ) 0 .0 3 9  ( 0 . 0 6 4 ) 0 . 0 9 5 12 F i r s t  a r r i v a l s  o n l y
P a n n a w o n ic a  e a s t Pc 6 . 0 9 0 ( 0 . 0 1 2 ) - 0 . 0 4 4  ( 0 . 0 5 0 ) 0 . 1 0 2 13 A l l  d a t a
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Reduced time-distance plots were produced (Figure 4) and the data 
from the different wavegroups subjected to linear regression analysis.
The data were not weighted for the analysis. Since record sections were used 
to find the arrivals on the basis of apparent phase velocity, amplitude and 
wave form, each arrival was considered to be as well defined as the others. 
When some doubt existed about the accuracy or even the validity of a data 
point, it was omitted from the analysis.
The linear regression method described by Topping (1962) was used. The 
velocity and intercept time and their standard errors were calculated for 
each set of data, as well as the RMS residuals of the data points. The 
standard errors define the limits within which there is a 95% probability 
that the true answer will lie.
The data used in the analyses and the results are listed (on microfiche) 
in Table 5. They are summarised in Table 6. In a few cases, several 
analyses were done on sets of data, with some data being omitted from some 
analyses and other data being inserted into others. For example, for the Pn 
wavegroup from Goldsworthy shots along line ABC, six analyses were made, 
with separate analyses for the segments AB and BC, in some cases using data 
from individual shots and in others using all available data. The analyses 
marked in Table 6 with an asterisk have been drawn on Figure 4.
In Table 6, the phases marked with a question mark, for example "Pg?", 
have been tentatively assigned to the indicated wavegroup. They all occur 
on line FDB and their assignments may be changed when the data have been 
more fully analysed.
The number of data points used in the analyses ranged from 4 to 33.
The good quality of the fits of the lines to the data can be seen in the 
sizes of the RMS residuals. 42 analyses were made. Only 3 had residuals 
greater than 0.2s, and of the remaining 39, 18 had residuals of less than 
0.1s. The onsets of second and subsequent arrivals are often obscured by 
the coda of previous arrivals which they override, and the chosen onset 
times are often inaccurate. Most of the regression analyses therefore 
dealt only with first arrivals, so that only the Pg and Pn wavegroups which 
occur as first arrivals were considered. The velocities and intercepts of 
other phases present were scaled from the record sections and therefore 
probably do not have the precision of those from the regression analyses.
The velocities and intercepts will be discussed in Chapter 6.
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4.4 ANU data processing
Little work has been done on the ANU data from the line between 
Paraburdoo and Meekatharra. The data quality was generally poor, and 
several stations in the middle of the line failed completely.
All seismic channels were digitised for chosen events at all of the 
stations that worked. The folding frequency was 10 Hz.
Record sections were produced for data analysis. The analog records 
made when the tapes were digitised had small time scales and were of little 
use for determining arrival times. No velocity analysis of the kind to 
which the BMR data were subjected was made on the ANU data. Arrival times, 
velocities and intercept times were scaled from the record sections. In 
order that the data were compatible with the ANU digital data acquisition 
system, the shots were given ANU event numbers, which appear on the record 
sections. Table 7 lists the ANU event numbers and the corresponding BMR 
shot numbers. The record sections of the high gain vertical component are 
shown (on microfiche) in Figures 3.39 to 3.52. For convenience, the BMR 
shot numbers have also been marked on the record sections.
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TABLE 7 . ANU SHOT NUMBERS
ANU e v e n t  
n u m b e r
BMR e v e n t  
n u m b e r
M in e* C om m ents
772 045 NEW
773 057 NEW
774 070 TOM |
d i g i t i s e d  a s
775 071 TOM )
1 e v e n t  (7 7 4 )
791 075 PARA
111 076 NEW
778 088 NEW
779 089 NEW
7 8 0 091 MEEKA
781 098 NEW
782 101 TOM
783 103 TOM 1
d i g i t i s e d  a s
78 4 104 TOM ji 1 e v e n t  (7 8 3 )
785 107 PARA j d i g i t i s e d  a s
/  1 e v e n t  (7 8 5 )
787 108 PARA
788 109 TOM
* A b b r e v i a t i o n s  u s e d :
NEW Newman
TOM Tom P r i c e
PARA P a r a b u r d o o
MEEKA M e e k a t h a r r a
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5. TRAVEL TIME RESIDUALS FROM DISTANT EARTHQUAKES
One of the most striking features of the record sections of the mine 
explosions along line ABC is the variation in the apparent velocity of the 
Pn wave group, especially in the section between Newman and Meekatharra.
In Figure 11, Pn has an abrupt change in apparent velocity at about 260 km, 
with the result that station 047 has a residual of almost 2s relative to 
station 040. Residuals can arise from delays due to structure or velocity 
variations either in the crust under the shots or stations, or in the lower 
crust and upper mantle between the shots and stations. A suite of earth­
quakes was used to examine the cause of the residuals. The seismic energy 
from the earthquakes had near vertical incidence at the recorders, and 
came from a different azimuth to the shots, so any residuals in the earth­
quake data would be due solely to anomalies under the stations.
5.1 The earthquakes
Earthquakes from the Tonga and Fiji regions were used, for reasons 
which will be discussed later.
Because three recorder moves were used to occupy all of the stations 
on line ABC, three events were required for the study. Their locations and 
times are listed in Table 8. They were obtained from the PDE tables of 
monthly listings of earthquakes (USGS, 1977), It should be remembered that 
the stations were set up to record mining blasts and consequently did not 
record twenty-four hours a day. As well, the stations were only occupied 
for a week. The three earthqiakes used were the most suitable events which 
occurred during the limited recording envelope of the instruments. Events 
1 and 3 had poorly defined focal depths, but were used because the first 
10s to 15s of their coda were coherent across the stations that recorded 
them. Other events occurring within the recording envelope of the stations 
did not have such coherent coda. Event 2 had a well defined focal depth, 
but was so large that it saturated the tape recorders and on most recordings 
the coda was lost after the first half of a second. The recordings at the 
Newman and Tom Price mine monitors are reproduced in Figure 5. The coherence 
of the signals at the two stations has been demonstrated by adjusting the 
time base of each event to line up the arrival times (arrowed). Event 3 
was poorly recorded at Newman, but its coda is still sufficiently clear 
for the comparison with the Tom Price recording to be made.
3 3 .
TABLE 8, EARTHQUAKES RECORDED ON LINE ABC, 
AND USED FOR P WAVE RESIDUAL ANALYSIS.
(Events 1 and 3 have had their depths constrained to the base of the crust, 
as indicated by the flag (N) in the depth column)
Event Event Latitude Longitude , Body Wave No. of
Number Time  ^ Magnitude stations
d h m s o ' S o ' W
1 24 06 22 5 1 . 3 15 2 0 . 3 173 0 9 . 1 33  (N) 6 . 0 191
2 42 01 42 4 7 . 5 17 3 3 . 8 174 2 2 . 2 57 6 . 3 170
3 46 05 41 1 2 . 1 23 1 9 . 5 175 2 2 . 9 33  (N) 5 . 3 41
N e w m a n
Tom Pr i ce
EVENT I
N e w m a n
Tom Pr i ce
EVENT 2
N e w m a n
Tom Pr ice
EVENT 3
Figure 5 .  E a r t h q u a k e  r e c o r d i n g s  a t  the N e w m a n  and
Tom Pr ice mine m o n i t o r s
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5.2 Method
The poorly defined depths of events 1 and 3 precluded the determination 
of residuals relative to a whole earth model as in similar studies in the 
Australian region (e.g, Cleary, 1967; Cleary and others, 1972), because of 
the likelihood of large source residuals. To minimise source effects, 
residuals may be calculated relative to a station which recorded all of 
the events.
The travel time of seismic energy from a source to a receiver consists 
of four components: the time the energy would take in a layered, laterally 
homogeneous, ideal earth, and the perturbations at the source, in the crust 
and upper mantle immediately under the receiver, and in the remainder of the 
energy path, due to the departure of the real earth from an ideal one. For 
two stations A and B, the travel times may be written:
t (A) = tt (A) + <5t (A) + 6t (A) . + 6t(A)w  v 'per source path stn
tCB) = tt (B) + <St(B) + 61 (B) . + öt (B)v 'per source v 'path 'stn
where t(A) 
tt (A) per
6t (A) source
fit(A)path
fit (A) stn
the measured travel time from the event to station A; 
the travel time in an ideal earth between the source 
and receiver A;
all perturbations in the travel time to station A due 
all source anomalies including inaccuracies in the 
source positioning and timing;
perturbations in the travel time to station A along 
the ray path but excluding the effects under the 
station;
perturbations in the travel time to station A due to 
anomalies immediately under the station.
The difference in the travel times is therefore:
t(A) - t(B) = (“ (A>per " “ (B)per) + (at(A)sourc, 
+ ({t<A>path - at(BW  + (at(A) stn
- fit (B) )source
fit(B) ) stn (3)
If the event is at a distance from the stations which is large 
compared to their separation, the stations will be at approximately the 
same azimuth from the event, and if the stations are approximately the same
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distance from the eyent, the rays will have traversed similar paths 
through the earth, so that 6t(A)source and <5t (B) SOurce be approximately
equal, and <51(A)path. anc* ^tWpath be approximately equal. The
difference in travel times therefore reduces to:
t(A) - t(B) - (tt(A) tt(B) ) + (61(A) - 61(B) ) (4)per per stn stn
The term (tt(A)per - tt(B)per) represents the difference in travel 
times of the energy through an ideal earth. It may be written:
tt(A) - tt(B) = 6A.dT/dAper per
where 6A = the difference in the distances of the receivers from the event 
and dT/dA = the slowness of the event across the surface of the earth in 
the region of the receivers.
Equation 4 can therefore be written:
<St (A) stn ~ öt (B) stn = t(A) ~ t(B) " dT/dA. (5)
The left hand side of equation 5 is the residual of station A relative 
to that of station B and is the value calculated in this report. t(A) and 
t(B) are the measured travel times from the event to the receivers, and the 
term (t(A) - t(B)) is independent of errors in the timing of the earthquake. 
<5A is the difference in the calculated distances from the event to the 
receivers. Errors due to the mislocation of the earthquake will be small 
if the mislocation and the receiver separation are both small compared to 
the epicentral distance. dT/dA can be measured as an apparent velocity 
between two stations located in line with the event, or, since in equation 
4 it refers to a slowness in an .ideal earth, it may be derived from any of 
the multitude of earth models available. The error in dT/dA can be minimised 
by making 6A as small as possible. This can be done by using events whose 
azimuth from the stations is at right angles to the line joining them - 
that is, the exercise is similar in design to a fan shot in seismic pros­
pecting (Dobrin, 1960, pages 88 and 89). For this reason, earthquakes from 
the Fiji and Tonga regions were used. The travel time residual due to the 
structure immediately under a station may therefore be expressed in terms 
of known or measurable quantities and the residual under another station.
The terms on the right hand side of equation 5 are independent of
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source and path parameters. On the left hand side of the equation, the 
station residual is azimuth dependent, especially in areas of gross 
structural inhomogeneity. However, if several earthquakes from approximately 
the same distance, the same depth and the same azimuth are considered, the 
residuals calculated using equation 5 must be comparable.
5.3 Application
The Newman mine monitor recorded all of the events. It lies on line 
ABC and is at about the same epicentral distances from the events as the 
other stations on the line. It is the station relative to which the 
residuals for the other stations have been calculated. The form of 
equation 5 used was:
Residual = t - t - (A - A ).dT/dA-6t , (6)stn Newman stn Newman elev
öteiev as a topographic correction and may be written
6t = 6helev v.Cos i
where 6h = the height of the station minus the height of the Newman mine 
monitor;
v = the near surface seismic velocity. 6.0 km s  ^was used; later 
chapters will reveal that this is a reasonable value; 
and
i = the angle of incidence of the energy.
dT/dA in the region of the Newman monitor was first calculated for all 
events by dividing the differences of the travel times to the Tom Price and 
Newman monitors by the differences in the distances from the event. The 
residuals of the stations were neglected since they are likely to be small 
compared to the differences in the travel times, which were of the order 
of 13s. The calculated apparent velocities, which are the inverses of the 
slownesses, are listed in Table 9. The value for event 3 was considerably 
lower than those for the other two events, so a different approach was used 
to derive the slowness.
Since the epicentral distances and the approximate focal depths were 
known for the earthquakes, the extended distances were calculated using the 
earth model of Herrin (1968), The calculations were performed by the 
computer program KTRACE (K.J. Muirhead, personal communication). The
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extended distance is the epicentral distance of the earthquake if its 
focus is projected back along a ray path to the surface. Using the 
extended distances and Herrin's tables, slownesses were found and are 
shown as apparent velocities in Table 9, They agree well with the measured 
values for events 1 and 2, but the theoretical value for event 3 is much 
higher than the measured value, and is more consistent with the values for 
the other events.
The slownesses were used to calculate the angles of emergence of the 
seismic energy. The angles were calculated using Bullen's equations 
(Bullen, 1963, pages 109 and 110):
dT/dA = p = ^ ± 2 ^V
where p = the ray parameter;
r = the distance of the point of measurement from the centre of the 
earth; in this case it is equal to the earth's radius; 
i = the angle of emergence;
and v = the velocity of the seismic energy at the point of measurement;
in this case the measurement is at the surface of the earth;
6.0 km s  ^ was used.
The angles of emergence are listed in Table 9. They are all about 21 degrees 
from downward vertical.
Program KTRACE was also used to calculate the travel times expected 
from the Herrin model. The values for the Newman station are listed in 
Table 9, along with the differences from the measured values. The values 
for event 2 have the best agreement, with the event being recorded only 0.2s 
earlier than predicted. This probably reflects the better control on the 
depth estimate of this event. Event 1 was recorded 1.2s later than expected, 
and event 3 was 2.5s earlier than expected. The differences could have been 
due to one or all of the perturbations discussed above, but are most likely 
due to the poor control on the depths of the events. Event 1 could have 
been shallower than reported, and event 3 deeper.
Figure 6 is a plot of the seismic traces. The horizontal axis is the 
station position relative to the Newman mine, and the vertical scale is:
tstn tNewman 6A,dT/dA,
Elevation corrections, which were all less than 0.1s, were not made for this
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TABLE 1 0 ,  T ra v e l  Time R e s id u a ls  From E a rth q u a k e s
S tn . E ven t St S tn . E vent S t S tn . E vent S t
001 1 + 0 .64 016 2 +0.01 027 3 + 0 .08
002 1 + 0 .64 017 2 + 0 .14 030 3 + 0 .03
003 1 - 018 2 + 0 .0 3 032 3 -0 .3 8 *
004 1 - 019 2 + 0 .03 034 3 + 0 .30
003 1 + 0 .59 020 2 - 036 3 + 0 .25
006 1 + 0 .56 022 2 + 0 .3 5 037 3 + 0 .23
007 1 + 0 .5 5 023 2 + 0 .0 5 038 3 + 0 .17
008 1 + 0 .48 024 2 + 0 .09 039 3 + 0 .16
009 1 + 0 .4 9 026 2 +0.01 040 3 + 0 .17
010 1 + 0 .47 028 2 - 041 3 + 0 .54
011 1 + 0 .39 029 2 - 0 .0 2 042 3 + 0 .40
012 1 - 031 2 + 0 .26 043 3 + 0 .37
013 1 + 0 .42 035 2 + 0 .0 5 044 3 + 0 .33
014 1 + 0 .52 035 2 - 0 .0 2 045 3 +0.21
015 1 + 0 .44 047 2 - 0 .3 8 046 3 + 0.12
* T hese a r r i v a l s  a r e  o f d o u b tfu l q u a l i t y  o r a c c u ra c y  and have n o t
been  p l o t t e d  in  th e  f ig u r e  be low .
o Event I
** x Event 2 
tl + Event 3
i s
O o
Figure 7 . Travel time residuals from distant earthquakes.
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plot. About 11s of trace have been plotted for events 1 and 3. As 
mentioned previously, event 2 saturated most recorders, so only 3 to 4s of 
the event have been plotted for each trace.
In initial attempts to calculate the residuals, the estimated onsets 
of the arrivals were used. Whilst event 2 has a clear onset, events 1 and 
3 do not and this method resulted in residuals with a large scatter. Events 
1 and 3 are, however, extremely coherent across all the recorders. The 
dashed lines in Figure 6 show the most coherent wave forms, in event 1 at 
1.3s and 3.2s and in event 3 at 1.0s and 5.2s. In event 1, troughs in the 
waveforms are the most correlative features. In event 3, both troughs and 
peaks are correlative, but whilst the troughs generally plot parallel to 
the distance axis, the peaks have a slope to the south, that is, towards 
Meekatharra, The residuals were therefore calculated from the troughs at 
1.3s for event 1 and the peaks at 1.0s for event 3, since for event 3 the 
peaks are slightly more persistent than the troughs. For event 2, the 
onsets of the arrivals were used. The traces for Newman were not plotted 
in Figure 6. The arrival times of the phases used for calculating the 
residuals are plotted as points.
The residuals, with elevation corrections made, are listed in Table 10, 
and plotted in Figure 7.
5.4 Discussion
With angles of emergence of 21 degrees, the seismic rays would have 
entered the base of the crust about 10 to 15 km east of the recorders, depend 
ing on the crustal thickness and the seismic velocities in the crust. 
Consequently, all of the energy recorded would have passed upwards through 
the crust completely within the major tectonic units represented by the 
surface geology at the stations. Residuals at stations 001 to 029 should 
therefore be due to anomalous crust and uppermost mantle under the Pilbara 
Block, those at stations 030 to 036 due to anomalies under the Mobile Belt, 
and those south of station 037 due to anomalies under the Yilgarn Block (it 
is assumed that granite inliers of supposed Archaean age in the Nabberu 
Basin near stations 037 and 038 represent the buried northern edge of the
43.
Yilgarn Block.
Event 1 has a decrease in residuals from north to south, The decrease 
is persistent from stations 001 to 013, Station 014 to 015 lie slightly 
above the trend. In the previous section, the assumptions in the derivation 
of equation 5 included one that the mislocation of the earthquake was small 
compared to the epicentral distance. A mislocation of the earthquake to the 
north will give an apparent slope to the residuals as in the case of event 
1, but a residual of 0.5s at station 001 relative to station 025 would 
require an error of 1.5 to 2.0 degrees of latitude in the epicentre 
coordinates. This is unlikely, so the residual is probably due to other 
causes. It could imply a thickening of the crust between Newman and Golds­
worthy, or a reduction in the average crustal and/or uppermost mantle 
velocities between Newman and Goldsworthy.
The residuals of event 2 have slightly more scatter, although they tend 
to be very small and plot parallel to the distance axis. The continuation 
of the trend of event 1 residuals into those of event 2 is not obvious.
The residuals of event 3 seem to fall into three groups. North of 
recorder 033 they are small in magnitude, and agree fairly well with the 
values of event 2. At station 034 they step up to about 0.3s and then 
decrease to the south to about 0.2s at station 040. At station 041 they 
again increase, this time to 0.5s, and then decrease to the south. Although 
similar in slope to the decrease in event 1 residuals, the decrease in event 
3 residuals south of station 034 may not be significant, because it is not 
seen in the troughs of the traces. However, the two steps at stations 034 
and 041 are probably significant, since they occur both in the troughs and 
the peaks of the waveforms. The step at site 034 does not seem to be 
reflected in event 2 residuals at sites 033 and 035. However, the step at 
site 041 agrees within 20 to 30 km with the change in the apparent velocity 
of the Pn wave group seen in Figure 11, and is probably related to the 
change in crustal characteristics associated with the edge of the Yilgarn 
Block.
All but four of the residuals are positive. The negative residuals at 
stations 029 and 035 are so small in magnitude, and so close in size to 
those of nearby stations, that their negative character is not significant. 
The negative residual at station 032 was rejected for Figure 7 because of 
the poor character of the trace in Figure 6. The value for station 047 is
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anomalous and cannot be easily explained, It could simply be caused by the 
difficulty of picking the onset of the arrival at the Newman monitor. This 
could also explain the step between the residuals of events 1 and 2 at 
recorders 015 and 016 respectively, and the difference in the residuals of 
events 2 and 3 at stations 033, 034 and 035,
In conclusion, the residuals appear to decrease in value from the north 
to the south, with two positive steps near stations 034 and 041 in the south 
Most stations have positive or zero residuals relative to Newman. The 
residuals will be discussed again later when crustal structure is considered
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6, INTERPRETATION OF LINE ABC
To interpret the data for line ABC, the line was split into two seg­
ments r-* AB (and GB) and BC - for which reversed data existed or were 
assumed to exist.
For line AB (and GB), Goldsworthy, Shay Gap and Sunrise Hill were used
as sources at one end to reverse the sources at Newman, and on line BC, the
Newman blasts were used in a limited sense to reverse the Meekatharra blast.
Some caution is needed when talking of reversed traverses. For each 
of the sources on each of the lines, Pg data were recorded as first arrivals
to distances of about 100 to 150 km. Beyond that, the Pg phase was some­
times observed as a second or third arrival. Since each of the lines was 
about 350 km long, no true reversal of the Pg phase, at least at first 
arrivals, occurred. The Pn phase was recorded as first arrivals beyond about 
130 to 150 km, so true reversal of the Pn phase occurred only for a small 
portion in the centre of each traverse. For example, only stations 013 and 
014 recorded Pn first arrivals which were reversed data on line AB. Similar 
considerations apply to the P* phase when present. However, to simplify the 
intrepretation, and to allow a start to be made with the interpretation, the 
assumption was made that, within a traverse with seismic sources at each end, 
like phases from each source were reversals of each other.
The problem of having no true reversals placed limitations on the 
methods suitable for the intepretation of the data. The Reciprocal Method 
of Hawkins (1961) was immediately excluded, since it is based on the discrete 
arrival times of reversed data at each station. The Time-Term Method of 
Scheidegger and Willmore (1957) and Willmore and Bancroft (1960) was also 
unsuitable. Bamford (1976) described the initial formulation of the Time- 
Term Method as "a special type of refraction operation in which one shot- 
point is observed at several different recording points and each of these 
recording points observes several different shotpoints", In the case of 
linear arrays of shots and recording stations, this implies that reversed 
data are again necessary. Bamford proposed a modified form of the Time- 
Term Method, which he labelled the M0ZAIC Timer-Term Method, which may be 
suitable for inverting the Pn phase data for the entire survey when they 
become available, The M0ZAIC Time-Term Method is used when the refraction 
data are not fully reversed to calculate a time-term surface of the
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refractor. However, assumptions will have to be made about the crustal 
structure and velocities to convert the time-term surface to a surface of 
Moho depths.
The simplest way of inverting the data is to assume that the crust is 
composed of plane, horizontal layers, and that the apparent velocities 
measured are therefore true velocities, The equations for determining the 
depths of the layers are given in most elementary geophysical text books, 
for example, Dobrin (1960), and may be applied to each shot point. If the 
model is then modified so that, rather than having horizontal layers, the 
planar layers dip from one shot-point to the next, joining the corresponding 
depths for each layer, a first approximation model can be derived. This 
model will be in error - when this method was applied to the Goldsworthy and 
Newman data, the refractor depths differed by about 10 percent from the 
values eventually adopted.
A more accurate first approximation model may be derived, however. 
Equations for determining the depths and dips of plane, dipping layers for 
two and sometimes three layers are often given in geophysical text books. 
However, since their derivation is cumbersome, it is seldom extended to the 
general "n-layer" case. Ewing, Woollard and Vine (1938) derived a set of 
equations for the interpretation of seismic refraction data from plane, 
dipping layers. The equations were more thoroughly developed and an algo­
rithm described for interpreting the general case of "n" layers by Dooley 
(1952) and later by Mota (1954).
This method, which will be referred to as Dooley's method, requires that 
the travel times be reversed. However, it uses only the apparent up- and 
down-dip velocities and the intercept times to derive the depths, dips and 
true velocities of the layers. Consequently, if the assumption is made that 
the phases are reversed, the method can be used to give a first approximation 
model.
Dooley's method was used to invert the time-distance data for line AB. 
The model was than modified using the trial and error application of the 
ray tracing computer program SEISRAY until the theoretical travel times from 
the model fitted the measured travel times.
Program SEISRAY was developed by C.D.N. Collins of BMR and calculates 
the travel times taken by reflected rays to traverse a model of two dimen­
sional polygonal cross-section. It plots the reflection branches of the
time-distance graph. The refraction branches may be interpreted by joining 
the cusps of the reflection branches asymptotically to the reflection 
branches from the underlying layers. The refraction branch for the bottom 
interface may be determined closely by artifically putting a high speed 
reflector just under the interface and regarding the reflections from it as 
slightly later than the expected refracted wave,
The assumption of two-dimensionality for computer modelling is a 
reasonable one for lines ABC and GBC. On the gravity map of Australia (BMR, 
1975), the strike of the regional simple Bouguer anomalies is generally east- 
west between B and C, with lateral continuity of most anomalies of several 
hundred kilometres. Over the Pilbara Block the trend of the simple Bouguer 
anomalies is a regional gradient from low values in the south to higher 
values in the north. The regional trend extends either side of line AB.
Line ABC may therefore be considered to traverse across the regional 
geological strike.
The data for line BC indicated that lateral inhomogeneities are present 
in the crust, and, as with line AB, the problem of unreversed data arose.
A unique solution of the data therefore seemed unlikely. As a first 
approximation, the data for line BC were interpreted as plane, horizontal 
layers and the geometry and velocities of the model adjusted within the 
limits of the data using program SEISRAY until a model was derived that 
fitted the data reasonably well.
Finally, the models for lines AB and BC were concatenated and tested 
for the entire line by comparing the theoretical travel times with the 
Goldsworthy data south beyond Newman and the Meekatharra data north beyond 
Newman.
Figures 8 to 12 are composite record sections of the sources along 
line ABC. All of the traces have been digitally bandpass filtered, so that 
any coda distorted by overmodulation of large amplitude arrivals has been 
further distorted. Since the overmodulation is not always obvious, some 
care is needed in interpreting large arrivals, As well, no normalising 
for gain has been made so that low gain traces often appear to have much 
smaller amplitude arrivals than their high gain neighbours.
These record sections present only some of the data used in the inter­
pretation - usually the best, The unfiltered data set is presented in its 
entirety (on microfiche) in Figure 3.
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The theoretical travel^time curves derived by program SEISRAY have been 
superimposed on Figures 8 to 12 to demonstrate the fit of the models to the 
data,
6.1 Interpretation of line AB (and GB)
6.1.1 Description of the record sections for lines AB and GB
A composite record section of Goldsworthy blasts southwards through 
Newman to Meekatharra is shown in Figure 8.
The Pg phase occurs as first arrivals from the origin to about 130 km. 
The velocity of the phase is 6.01 km s when first arrival data only are 
considered and slightly higher when the less reliable second and subsequent 
arrival data are included (Table 6). The intercept time for the analysis 
is negligible (0.03s) and is smaller than the standard error in its measure­
ment, indicating that there is very little rock of low velocity at the 
surface. A velocity of 6,01 km s  ^ is representative of the crystalline 
basement, which must be close to the surface.
The cusp is observed about 0.5s after the first arrival at about
90 km, but may in fact, occur closer to the blasts. The two phases are 
difficult to differentiate near the cusp. The initial onsets of the Pg 
phase close to the blasts are so large that the modulators in the recorders 
saturated with subsequent loss of signal character for about a second after 
the initial onset, thereby possibly swamping the P* phase on some traces.
Beyond 150 km, and especially in the range 200 to 300 km, the P* phase 
is clearly seen as large arrivals which are earlier than the Pg phase. The 
velocity of the P* phase appears to be 6.4 km s and its intercept 1.0s.
MP is evident as large amplitude arrivals in the 6 to 8s range between 
120 and 200 km, and Pn is first evident as small first arrivals at about 
150 km. The amplitudes of the Pn arrivals appear to increase from about 
200 km. Most stations between 100 and 400 km had the same amplifier gain, 
although the gain of the station at 265 km was half that of the station at 
290 km. The shot at the closer station was 25% larger than that at the 
more distant station. Since the amplitudes of the former trace are many 
times that of the latter,.factors other than geometrical spreading of the 
wavefront, shot size and amplifier gain had more effect on the amplitudes 
of the recorded signals, In the examples just given, variation in seismo­
meter coupling with the ground or the efficiency of the blasting may have
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caused the amplitude anomalies. However, an estimate of the amplitude of a 
phase may be made by comparing its amplitude with those of other phases on 
the trace. Between 140 and 200 km, the Pn phase is very small relative to 
the P^ phase, but beyond 200 km its amplitude increases so that at about 
300 km the phases have approximately equal amplitudes. Beyond 300 km the Pn 
phase is larger, although it should be noted that the P^ phase will probably 
have its largest amplitudes nearest the P* and P^ cusp and they will then 
fall off with distance, so that the relationship just described is to some 
extent to be expected.
The apparent velocity of the Pn phase is 8.20 km s  ^ and the intercept 
5.92s.
The blasts at the Sunrise Hill and Shay Gap mines were generally much 
smaller than those at the Goldsworthy mine. The amplitudes of the seismic 
signals generated by the blasts were correspondingly smaller. Figure 9 is a 
composite record, section of shots at Shay Gap and Sunrise Hill along line 
ABC.
The arrivals are obviously of much smaller amplitude than those of 
Figure 8. The smaller amplitudes do, however, more clearly define the 
position of the cusps, since the recordings of the large amplitude arrivals 
are not overmodulated.
The Pg phase has large amplitudes near the shot, but they fall off rapidly
with distance. Shay Gap first arrival data have an apparent velocity of
6.05 km s \  and the Sunrise Hill data a velocity of 6.01 km s ^. These
velocities are in general agreement with the apparent velocity of the
Goldsworthy data. The P*/P^ cusp is clearly seen, although the amplitudes
are quite small, at 4s and 80 km. There are large amplitude arrivals,
Minterpreted as belonging to the P phase, between 6 and 8s and 130 and 160 km.
MThe Pn/P cusp is clearly defined at 6s and 80 km. The Pn phase, as in 
Figure 8, is initially very small, but by 220 km its amplitudes, as with 
Goldsworthy shots, are about equal to those of the P* and P^ phases. However, 
because of the smaller shots, the signal to noise ratio is small.
The Pn phase has an apparent velocity of 8.18 km s  ^determined from 
Shay Gap shots. It is not seen from Sunrise Hill shots.
Newman shots recorded northwards along line ABC are shown in Figure 10.
The Pg phase has an apparent velocity of 5.86 km s  ^when all first
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arrival data are considered. Individual analyses of the data from shots 
083, 088 and 089 yield results which differ slightly from this, but all 
analyses give velocities slightly lower than those for the Goldsworthy,
Shay Gap and Sunrise Hill analyses. All of the Newman analyses yield slight­
ly negative intercept times. However, the intercepts are generally close to 
or within the limits defined by the standard errors, and their negative 
character may not be significant. The onsets of the Pg phase are generally 
emergent, probably because of the large aerial extent and long delays of the 
Newman blasts. This may be the cause of the low apparent velocities.
However, the stations providing the data used in the analyses all lie within 
the outcrop area of the Hamersley Basin. The low velocities may be due to 
the basin sediments which are low grade metamorphic rocks and have a high 
iron content. They are quite dense and would have velocities approaching 
those of the granites and greenstones which they overlie. This is confirmed 
by Drummond (in preparation), who lists the results of velocity and density 
measurements made by BMR on rock samples collected at the recording sites 
during the survey. The velocities and densities are plotted in Figure 17.
The P* phase is not as clearly seen on the record section to the north 
of Newman as it is in Figures 8 and 9. In Figure 10, several arrivals can 
be seen 0.5 to 1.0s after the Pg first arrivals at stations between 60 and 
100 km, and also several seconds earlier than Pg would be expected beyond 
200 km. Arrivals can also be seen on traces not shown in Figure 10 (see 
Figures 3.15 and 3.16).
The velocity and intercept of the P* phase are difficult to define
because of the emergent onsets of the arrivals, and also because several
very clear large arrivals at approximately 8s on traces between 160 and
200 km are slightly early (about 0.2s) with respect to a straight line
joining the arrivals between 60 and 100 km with those beyond 200 km.
Because of their large amplitudes, the arrivals appear to be reflections
Mand are probably part of the P phase. The fact that they occur earlier 
than the P* phase places some doubt on this interpretation, although lateral 
inhomogeneities may be responsible.
A P* apparent velocity of 6.4 km s  ^ and an intercept of 1.0s were 
adopted for modelling purposes. These fit the data reasonably well, although 
the velocity could be as high as 6.45 km s  ^ and the intercept as late as 
1.65 s. This implies that, although the interface between the upper and 
lower crustal layers was assumed to be horizontal, it could have a dip of
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as much as 5 km from north to south between Goldsworthy and Newman.
MThe Pn phase is very clear in Figure 10. The Pn and P cusp occurs in 
the large amplitude coda at about 7s between 80 and.100 km. Several shots 
have been plotted to show the nature of the Pn arrivals from Newman blasts 
along line AB. Shot 057 was used between 150 and 250 km, and shot 137 beyond 
250 km. For shot 057 the Pn arrivals appear to consist of two arrivals, a 
long period arrival followed about 0.5s later by a shorter period arrival.
For shot 137, the two arrivals are not so apparent. The first arrival is 
not long period as for shot 057, and the second arrival is only evident on 
the trace at 300 km where the arrival has an apparent increase in amplitude 
about 0.5s after the initial onset. Linear regression analysis of the 
travel time data gave statistically consistent velocities for the two sets 
of arrivals (8.49 km s  ^ and 8.47 km s  ^with a standard error of 0.05 km s  ^
for both analyses) and a difference in intercept times of 0,6s.
This effect is not so striking in the Pn phase from the Goldsworthy,
Shay Gap and Sunrise Hill shots, although on several traces in Figure 8 a 
second phase could be interpreted about 0.5s after the initial onset (see 
for example the traces at 230, 240 and 340 km).
The fact that the duality of the Pn phase seemed restricted mainly to 
shot 057, and the nature of the two arrivals, that is a long period phase 
followed by a short period phase, led to the suspicion that the duality 
might be a source characteristic. The Newman shots had large aerial extents. 
The burning times of the blasts were not provided by the mining company, but 
the number of rows, benches and the delays between the rows were provided.
The total delays for the shots were calculated on the assumption that the 
maximum delays were used; that is, every row was used to trigger the next, 
the last row in each bench used to trigger the first row in the next bench. 
The burning time for shot 057 was calculated at 0.5s and that of shot 137 at 
0,9s, The delays in the blasts could therefore be used to explain the double 
nature of the traces. An alternative explanation is that the crust mantle 
boundary between Newman and Goldsworthy is not a simple one, but contains 
several interfaces.
The amplitudes of the Pn phase are small near the cross-over with the 
Pg phase, as in the case of the Goldsworthy data, but they do not seem to 
increase as much relative to the subsequent phases as the Goldsworthy data.
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6.1.2 Interpretation of the record sections for lines AB and GB
The data from Goldsworthy, Shay Gap and Sunrise Hill implied a two- 
layer crust, the apparent velocity in the upper crust being 6.01 km s  ^ and 
in the lower crust 6.4 km s ^. The apparent velocity in the upper mantle is 
8.20 km s^1. No lateral inhomogeneities were immediately obvious in the 
data.
The Newman data are not quite so simple. The near-surface velocity is 
5.86 km s ^, which is less than the values for the norther mines. The lower 
crustal phase (P*) is reasonably clear at the P*/P^ cusp, but several 
arrivals between 160 and 200 km, whilst falling on or near the interpretated 
P* line, appear to have anomalously large amplitudes. The Pn phase is clear 
and has an apparent velocity of 8.49 km s
The simplest interpretation is that the crust between Goldsworthy (and 
Shay Gap and Sunrise Hill) and Newman is two-layered. The upper crustal 
layer has a velocity of 6.0 km s The intermediate layer is at an average 
depth, calculated by Dooley’s method, of 13 km and may dip from 9 km under 
Goldsworthy to 14 km under Newman. The mantle dips southwards, as would be 
expected from the velocity and intercept data, from 28 km under Goldsworthy 
to about 33 km under Newman. The upper mantle velocity from Dooley's method 
is 8.34 km s .
The low upper crustal velocity near Newman may be due to Hamersley Basin 
sediments. An estimate of their thickness may be made from a review of the 
Hamersley Basin by Trendall (1975b). His Figure 11 shows semi-diagrammatic 
vertical east-west cross-sections of the Fortescue Group. Thicknesses along 
profile AB range from about 1000 m at Newman to 1500 m at about station 012 
(Figure 1). Trendall's Figure 12 shows a stratigraphic column, to scale, of 
the Hamersley Group. Formations ranging up to the Joffre Member of the 
Brockman Iron Formation outcrop on the open-cut pit at the Mount Whaleback 
mine at Newman. The Joffre Member lies between 500 and 1000 m from the base 
of the Hamersley Group, although in the Newman area the Group is downfaulted 
between 500 and 900 m (Kale and Trudinger, 1975). Consequently, a maximum 
of about 2 km of sediments might be expected at Newman. The sediments would 
have the effect of slightly shallowing the values calculated for the 
refractor depths under Newman. The Moho depth was reduced to 32 km, but 
because of the uncertainty of the P* velocity and Intercept north of Newman, 
the depth of the intracrustal boundary was not changed.
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The model was subjected to ray tracing using the program SEISRAY.
The depths under Newman were first adjusted slightly to allow for a basin 
2 km thick under Newman thickening to 3 km at 130 km distance (at about 
station 16) and then wedging out. This agrees fairly well with the Hamersley 
Basin outcrop area shown on the Geological Map of Western Australia 
(Geological Survey of Western Australia, 1975), and is the maximum thickness 
of sediments likely to occur, as determined above. The model adopted is 
shown on the left-hand side of Figures 14a,b, and c, and the time-distance 
curves derived by ray tracing are shown superimposed on Figures 8, 9 and 10. 
Details of the model are listed in the Appendix.
The fit of the model to the data is clearly quite good for first 
arrivals and data near the cusps. This is to be expected, since the model 
was derived using mainly first arrival data. Some discrepancies occur for 
what have been interpreted as reflection phases. They will be discussed 
later.
6.2 Interpretation of line BC
6.2.1 Description of the record sections for line BC
Line AB traversed across a single geological unit, the Pilbara Block. 
The record section of Goldsworthy blasts towards Newman appeared quite 
simple, and the section of Newman blasts northwards, with the exception of 
a few anomalous arrivals, seemed equally simple, reflecting the apparently 
uniform geology.
Line BC, however, traversed across several provinces, and, as might be 
expected, the resulting record sections are quite complicated. Figure 11 
is a composite record section of Newman blasts recorded south along line 
BC, and Figure 12 is the reversed profiles of the Meekatharra blast, plotted 
beyond Newman to station 018. Several recorders positioned beyond station 
018 at stations 016 and 100 (the Goldsworthy mine monitor) had failed at 
the time of the Meekatharra blast.
The Pg phase south from Newman is very clear for about 70 km, after 
which its amplitudes seem to fall off. Whether the drop in amplitudes is due 
simply to geometrical spreading of .the wavefront or to attenuation due to 
uppercrustal inhomogeneities is not clear because the amplitudes of the 
traces in Figure 11 have not been normalised for recorder gain, shot 
w i g h t  or spreading of the wavefront with distance from the blast. The Pg 
phase has a velocity of 6.08 km s  ^ and negligible intercept time.
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At 75 km, and about 0.5s after Pg would presumably have appeared had 
its amplitudes not apparently decreased, is a very large arrival. The trace 
plotted is the low gain channel. The amplitude of the trace on the high 
gain channel is very large and overmodulated.
One interpretation is that the Pg phase has been perturbed by a fault 
or monocline, an interpretation which may not be unreasonable when considered 
with other features of the record section. However, the interpretation 
favoured is that the arrival at 75 km and about 3.5s lies on the P^/P1 cusp,
because the arrivals on the traces at 100 and 120 km have been interpreted
as belonging to the same phase and have a phase velocity higher than that 
derived for the Pg phase. If the perturbation in arrival times was due to 
a fault or monocline, the apparent phase velocity should be the same on 
either side of the structure, assuming of course that the dip of the 
refractor was the same. The adopted P* phase velocity was 6.4 km s  ^ and 
the intercept was 1.0s.
The Pn phase becomes a first arrival at about 170 km. Its apparent
velocity is quite high (8.46 km s with an intercept of 7.73s. Because
the crustal velocities are similar to those for the Goldsworthy to Newman 
segment of the line, the higher intercept for the data south of Newman com­
pared to the Newman data to the north implies that the crust thickens 
to the south.
As discussed in Chapter 5, the Pn first arrivals beyond 240 km are 
late compared with the projection of the time-distance line for first 
arrival data between 170 and 240 km. The apparent velocity of the first 
arrival data between 250 and 370 km is 7.25 km s , with an intercept of 
2.75s (Table 6). Several interpretations are possible. Beyond 240 km a 
change in the dip of the Moho may occur. Using the equations of Dooley 
(1952) and assuming that the apparent velocities of the upper refractors 
are true velocities, a change in the dip of the refractor of 6° is 
calculated. Alternatively, two faults or monoclines may exist in the Moho, 
with the downthrown side in each case towards Meekatharra. Two straight 
lines can be drawn through the seven traces beyond 260 km such that they 
are parrallel to the Pn time-distance curve between 170 and 250 km, but 
displaced (later) by about 0.6 and 0.8s from the Pn line and each other 
respectively.
Another feature of the record section of the Newman blasts southwards
5 5 .
is the suite of large amplitude arrivals at 7 to 9s between 100 and 240 km.
Their amplitudes and the concavity of their time-distance curve indicate
Mthat they are probably wide angle reifections of the P phase. During
the modelling process, numerous attempts were made to fit all of the
Marrivals to a single P curve which would meet the Pn phase at a cusp at
about 100 km, since the large amplitude arrivals seem to occur no closer
than 100 km to the blasts. Invariably the attempts failed. If a third
crustal phase was included with a velocity of about 7.2 km s ^, the
arrivals could be made to fit two reflection branches, one from the 7.2 km 
-1 Ms layer and the other the P phase. However, since there was no evidence 
of refracted energy from the 7.2 km s  ^ layer, another explanation was 
sought. The Meekatharra blast record section (Figure 12) provided the key 
to the solution.
The Pn data from the Meekatharra blast are not very clear. The seismic 
traces tend to be noisy and the picking of first arrivals is often 
difficult. The first arrivals at 230 and 280 km are reasonably clear, 
however, and seem to be later than the Pn arrivals beyond 300 km. Allowing 
for the offsets of the arrivals at the surface from the points at which 
the energy left the refractor, the zone between 220 and 300 km on the 
Meekatharra plot corresponds to the zone between 150 and 240 km on the 
Newman plot. The Pn arrivals closer than about 150 km to Newman should 
therefore be earlier than those beyond 150 km.
The large amplitude arrivals on the Newman record section were there-
Mfore split into two groups. Between about 100 and 140 km a Pn/P cusp
was interpreted at about 6.5s corresponding closely to the travel time
curves superimposed on Figure 11. The travel time curves are the theoretical
curves from the models shown in Figure 14 but they serve to demonstrate
the bifurcation of the travel time data. The second group of arrivals
Mcorresponds to a second, later Pn/P cusp at 140 km and about 7s. This 
implies a possible third monocline or fault in the Moho between Newman 
and Meekatharra.
In order to describe the features of the Meekatharra record section 
in terms of what has just been described for the Newman record section, 
both sections have been divided into zones labelled on Figure 11, 12 and 
14 as Zones 1,2,3 and 4. When allowances are made for offset distances, 
the Pn arrivals in each zone on the Meekatharra record section bottom in 
the same area of the Moho as the arrivals in the corresponding zones in
the Newman record section.
In Figure 11, Zone 1 corresponds to the Moho for 80 km south of Newman,
and is represented by the cusp at 6.5s and 100 to 140 km. Zone 2 is the
Mfirst faulted (?) region, defined by the second Pn/P cusp at 7s and 140 km 
and the Pn first arrival phase to about 240 km. Zone 2 is 100 km long.
Zone 3 is 50 km long and, depending on the interpretation adopted, is 
defined by the cross-over to the lower Pn velocity or, alternatively, the 
first step in the Pn travel times beyond 250 km. Zone 4 represents the 
rest of the Moho southwards to Meekatharra and is defined by the second 
step in the travel times. Allowing for offsets, the area of Moho represent­
ed by Zone 4 is about 140 km long.
The mining blasts were often dispersed over benches several kilometres 
apart, and the delays in the blasts aften amounted to more than a second.
As well, several shots were often used to build the record sections, yet 
the blasts generally produced very coherent seismic energy. In contrast, 
the codas of the traces from the Meekatharra blast are suprisingly diverse. 
The Meekatharra blast was small by comparison with some of the mining 
blasts, but was not dispersed over a large area and all of the explosive 
was fired instantaneously.
The Pg arrivals are very emergent beyond about 50 km, but are 
sufficiently clear on the original analog records to permit onset times to 
be calculated to within a few tenths of a second. Several linear regression 
analyses were made on the data. The data from the Yilgarn Block outcrop 
area were considered in one analysis, and first-arrival data from the other 
geological provinces were included in another. The results of the latter 
analysis (velocity = 6.12 km s  ^ and negligible intercept time) gave a 
better fit to some subsequent arrivals beyond the cross over distance 
(Figure 4(f)). A slightly higher velocity (6.18 km s )^ was eventually 
adopted for modelling purposes.
The P* phase again seemed to be present, with an apparent velocity of 
6.4 km s'"1 and an intercept time of 1.65s, defined more by the P^ phase 
than the P* phase whose amplitudes were very small.
A lower crustal phase is interpreted below the 6.4 km s  ^ layer in the 
southern part of the profile. It is evident as a band of large amplitude 
arrivals at 7 to 8s between 120 and 240 km, As with the P* phase, the 
refracted phase from the lowest crustal phase is not easily discerned. An
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intercept of about 5s and a velocity of 7.0 km s were assigned to the 
layer, by drawing a tangent to the reflection phase at the cusp. Since 
the arrivals are wide angle reflections, their bottoming points might 
reasonably be assumed to be approximately midway between the shot and 
recorders. They are not clear beyond about 240 km, so the layer may not 
extend into Zone 3,
MThe Pn phase is first obvious as a P /Pn cusp at about 10s and 140 km. 
It is therefore from the base of Zone 3, and no arrivals from the Moho 
in Zone 4 are seen in this section. It is clearer on the low gain traces 
than on the high gain traces in Figure 12. Beyond 190 km, in Zone 2, the 
Pn phase velocity seems higher, and at about 300 km the step in the Pn 
travel times representing the transition to Zone 1 occurs. The Pn velocity 
in Zone 1 is similar to that measured from Newman blasts recorded to the 
north.
6.2,2 Interpretation of the record sections of line BC
As with line AB (and line GB), no reversed data were recorded on line 
BC. However, whilst the assumption of reversal of the data was possible 
for line AB (and line GB), the presence of lateral changes indicated by 
the travel time data made the assumption tenuous for line BC. The apparent 
velocities were therefore generally treated as true velocities, and the 
data inverted for a horizontal, plane layered model. A model was prepared 
for the Newman data and then adjusted using ray tracing techniques to fit 
the Meekatharra data as well. Several variations of the model were 
prepared for the southern part of the profile.
The Pg velocities measured from Newman south and Meekatharra north 
were approximately the same. The P* phase was assumed to be reversed, 
and the intercept times indicated a dip of the 6.4 km s  ^ layer to the 
south. Below the 6,4 km s  ^ layer all interfaces were assumed to be 
horizontal.
The travel time data from Zone 1 were found to fit a model similar to 
that for line AB, but with the 6.4 km s  ^ layer slightly shallower. The 
depth to the Moho increases from 32 km under Newman to 33 km at the south­
ern end of Zone 1. An upper mantle velocity of 8.34 km s  ^was adopted.
The Pn tavel time step of 0.5s at the southern end of Zone 1 indicates 
a deepening of about 4 km of the Moho for a model where the crust is two 
layered and the mantle velocity is 8.3 km s”1. The disappearance of the
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Figure 14.  Crustal models along line A B C
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Pg phase about 75 km south of Newman corresponds roughly to the southern 
edge of Zone 1, The phase 0.5s later was interpreted as the P* phase. 
However, it may be a step in the Pg travel times due to the inclusion of 
several kilometres of low velocity nearr-surface material corresponding to 
a step in the mantle.
MTo fit the times of the P arrivals of Zone 2, a transition zone was 
required at the base of the crust. The model used was a linear increase 
in velocity from 6.4 km s  ^ to 8.3 km s ^  over a zone of 15 km of depth.
This is just one of several models which would probably fit the data.
There is no information to define uniquely the nature, depth and dip of 
the crust-mantle boundary in Zones 3 and 4. Three interpretations have been 
prepared. They are shown in Figure 14. The three travel time curves for 
the models are superimposed on Figure 11 and 12.
The first interpretation involves a thickening of the crust by 6 km at
the Zone 2 and Zone 3 boundary by deepening the transition zone of the
crust'-mantle boundary. In the second interpretation, the 7.0 km s  ^ layer
at the base of the crust in Zone 4 extends into Zone 3. The second
interpretation therefore requires a transition zone only in Zone 2. In
Zone 3, it is replaced by a 7.0 km s"-^  layer. A 6 km step is still required
in the Moho at the Zone 2 / Zone 3 boundary, however, to fully account for
the step in the Pn travel times. This interpretation is perhaps favoured
Mover the previous one because it explains why the P reflection phase in
MFigure 11 is not very strong beyond about 280 to 300 km, which, for P 
reflections corresponds roughly to the Zone 2 and Zone 3 boundary. Both of 
these interpretations require another step in the Moho at the Zone 3 and 
Zone 4 boundary. The step is 9 km (Figures 14a and 14b).
The third interpretation is that the thickening of the Moho is in the 
form of a wedge. The two steps in the Moho were replaced by a wedge of 
7.0 km s  ^material with a dip of 7° to the south. This gave a depth to 
the Moho under Meekatharra of 54 km, not unlike the value of 52 km derived 
for the step models. The travel times from program SEISRAY were slightly 
early for the Newman data, but were over a second early for the Meekatharra 
data. Gregson (1978) reports the travel times of the Meekatharra blast 
seismic energy to the seismic observatories in the southern Yilgarn Block. 
However, his coordinates and shot times were preliminary values. The 
travel times and distances were recalculated using the correct shot time
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and coordinates and are listed in Table 11 and plotted in Figure 13. Linear 
regression analysis of the data yielded a velocity of 8.08 km s  ^ and an 
intercept of 6.37s. The velocity is much lower than that used in the modell 
ing. As well, it must be an up-dip value, since the small intercept time 
implies that the Moho must shallow to the south, and the true velocity must 
therefore be even lower, The effect of earth curvature should also be 
considered, because of the large distances over which the shot was recorded, 
and will further reduce the value of the true velocity.
The wedge at the base of the crust was remodelled using 8.1 km s  ^
as the upper mantle velocity. As well, a lower velocity of 6.9 km s  ^was 
used in the wedge, and a slight dip put on the interface. The travel times 
for the model are plotted on Figures 11 and 12. The fit to the Newman data 
is still slightly early, and the fit to the Meekatharra data is about a 
second early, implying that the crust must be even thicker than modelled.
The models derived for line BC may therefore be described as follows. 
The crustal model for line AB would seem to extend 80 km south of Newman 
where a crustal thickness of 33 km is reached. The crust then thickens to 
37 km, and a transition zone is likely at the base of the crust. 100 km 
further south the crust begins to thicken again, either as a step in the 
transition zone or as a zone of 7.0 km s  ^material. The 7.0 km s  ^
material either gradually thickens, or, 50 km further south, becomes 9 km 
thicker at a fault or monocline, so that a crustal thickness of 52 km is 
reached under Meekatharra. The sub-Moho velocity used was 8.3 km s \  
except under Zone 1 where 8.34 km s  ^was used, and under Zones 3 and 4 for 
the wedge model (Figure 14c) where 8.1 km s  ^was adopted. The mid-crustal 
interface between the 6.1 and 6.4 km s  ^ layers reflects the thickening of 
the crust, with a dip from 10 km under Newman to about 16 km under 
Meekatharra. As interpreted, it is a planar interface, but it may be 
faulted 80 km south of Newman.
6.3 Further modelling along line GBC
The models for the segments AB (and GB) and BC were combined, and the 
travel times calculated for the entire profile.
The Goldsworthy record section has already been described for the 
segment between Goldsworthy and Newman. Beyond Newman, the Pn phase has 
an increased apparent velocity and intercept time, as demonstrated by the 
results of the linear regression analysis (8.20 km s  ^ north of Newman,
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’-I8.52 km south of Newman; intercepts 5.92s and 7.40s respectively - 
Table 6) .
The Meekatharra record section has already been described.
The theoretical travel times for the model in Figure 14a are super­
imposed on Figure 8. As discussed for line AB, they fit reasonably well 
for the first arrival data between Goldsworthy and Newman, and at the 
cusps. When the model south of Newman is appended, the apparent velocity 
of the calculated travel times increases south of the Zone 1 and Zone 2 
boundary, but the increase is not quite as much as the observed increase.
It is encouraging, however, that the trends in the data are at least 
reflected in those of the model, and the discrepancy is less than 0.3s.
The fit of the model north of Newman to the Meekatharra data is shown
in Figure 12, and is quite good.
6.4 Test of the model on data from line DC
As a further test of the model, the calculated travel times were
superimposed on the record section of the high gain vertical component of 
the ANU recordings along line DC (Figure 15), Note that ANU events 
number 780 corresponds to shot 091, the Meekatharra blast (Table 7).
In Figure 1, line DC is seen to cross the same geological provinces 
as line BC although, in the north, line DC crosses the Bangemall Basin and 
southern Hamersley Basin more obliquely than line BC. Also, the Gravity 
Map of Australia (BMR, 1975) testifies that, while the general gravity 
features crossed by line BC are also present beneath line DC, some are 
more enhanced along line DC, As well, as will be discussed later, the 
structure under the northern end of the line DC may be quite different 
from that below the northern end of line BC. The recordings along line DC 
should therefore reflect a structure similar in the south to that under 
the southern end of line BC, but in the north, where the lines are more 
divergent, some differences are likely.
The ANU data are generally of poor quality, but some similarities with 
the BMR data are seen. The model fits the first arrival Pg data reasonably 
well to about 180 km, where a large gap occurs in the recordings because 
of the failure of several recorders. The P*/P^ cusp fits the travel times, 
but does not come far enough back towards the origin to encompass the 
particularly good arrival at 30 km. This also occurs on line BC. The
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fit of the Pn branch on the trace at 270 km is fairly good, but beyond that, 
the fit of the first arrival data is not good. A band of energy at 13 to 
15s between 320 and 350 km agrees fairly well with the Pg and P^ phases.
6.5 Inadequacies of the model
Except for the transition zones at the base of the crust in Zones 1 
and 2, the boundaries in the models of Figure 14 are first-order discontin­
uities; that is, the thickness of the zones defining the interfaces are 
small compared to the wavelengths of the seismic energy.
The frequency content of seismograms is determined by the source 
spectrum, the frequency response of the recording instruments and the 
natural attenuation of higher-frequency energy by the earth (Berry and 
Fuchs, 1973). The seismic energy from crustal experiments peaks in the 3 
to 5 Hz range (Berry and Fuchs, 1973), which is well within the response 
band of the recorders used in this experiment. Most of the energy penetrat­
ing the mantle, where velocities of about 8 km s  ^ are interpreted, would 
therefore have wavelengths in the range 1.5 to 2.5 km. Energy travelling 
in the crust would have slightly shorter wavelengths. The boundaries in 
the models in Figure 14 therefore have implied thicknesses of less than 
1 or 2 km.
In a review of crustal structure and the nature of the crust-mantle 
boundary, Bamford and Prodehl (1977) showed that velocity gradients are 
often observed at crust-mantle boundaries in shield areas. Berry and Fuchs 
(1973), in modelling the crust of the Superior and Grenville Provinces of 
Canada, observed steep velocity gradients in the lower crust, and Meissner 
(1973) showed evidence for complex velocity-depth functions for the crust- 
mantle boundary.
In order to define the nature of the interfaces, the above authors
I Mconsidered the reflection phases (that is, vertical reflections, P and P ).
The models derived from first arrival data for line ABC fit the (refracted)
first arrivals to within a fraction of a second, but they do not fit the
Mreflection phases. For example, the P phases in Figures 8 and 9 at 6 to 
8s between 150 and 200 km are up to 0.8s earlier than those calculated for 
the model. The departure of the reflection travel time curves of the 
model from the recorded times indicates a departure of the simple velocity- 
depth models from the real earth.
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To demonstrate the effect of a velocity gradient on the travel times,
the record sections from Goldsworthy and Shay Gap and Sunrise Hill were
modelled using velocity^depth profiles with velocity gradients at the base
of the crust. In Figure 16a, a velocityr-depth function is shown in which
the Pg, P* and Pn velocities used are the apparent velocities in Table 6.
A plane horizontal layered model was derived, and the Moho depth adjusted
slightly to incorporate a velocity gradient at the base of the crust. The
velocity gradient is a linear increase of velocity with depth over a depth
range of 15 km. The travel times for the model were calculated using
program KTRACE (K.J, Muirhead, personal communication, 1978) and are shown
superimposed on segments of the Goldsworthy (Figure 16b) and Shay Gap and
Sunrise Hill record sections (Figure 16c) . The travel times from the model
Mobviously fit the first arrival data, and the fit to the P phase is much
better than the times for the models in Figure 14 superimposed on Figures
M8 and 9. Note however, that in fitting the P phase to the observed data,
Mthe P and Pn cusp has been moved away from the observed cusp.
While the first order discontinuities in Figure 14 are in good 
agreement with the travel times in the regions of the cusps in Figures 8 
and 9, the P* and P^ cusps indicated in Figures 12 and 15 are not well 
modelled by first order discontinuities. The observed cusp on lines BC and 
DC is 30 to 40 km from the blast, and about a second after the first arrival 
Pg phase, but the cusp in the modelled travel times is about 110 km from 
the origin.
Clearly, the models shown in Figure 14, whilst accurately replicating 
the observed first arrival data, are only approximations to the real earth. 
More complicated velocity-depth functions are required to explain the data 
on the reflection branches and near some of the cusps.
The models have also failed to explain the previously mentioned large-
amplitude arrivals on the Newman record section along line AB (Figure 10).
MThe arrival at 7s and 190 km seems too early for the P phase to which its
amplitude would assign it. It may be early because of geological structure,
Mor its interpretation as a P arrival may be wrong, since the abrupt dis­
appearance of the arrivals beyond 200 km is seldom characteristic of 
reflected arrivals. Alternatively, it may be part of the band of large 
arrivals with a dominant frequency of about 1 Hz in the 6 to 8s range 
between 80 and 200 km and may be indicative of deep crustal or sub-Moho 
vertical inhomogeneities.
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These problems may not be resolved until further work involving the 
analysis of the amplitudes of the arrivals using synthetic seismogram 
computer programs is undertaken.
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7. DISCUSSION
7.1 Geophysical considerations of the model
The models in Figure 14 all have a thickening of the crust from about 
27 km under Goldsworthy to over 50 km under Meekatharra; that is, the crust 
almost doubles in thickness over a traverse 700 km long. A simple test of 
the feasibility of the models would be to check if they are isostatically 
acceptable. Several workers (Wellman, 1976; McNutt and Parker, 1978) have 
considered the extent and nature of isostatic compensation within the 
Australian continent. Wellman (1976) predicts that in central and western 
Australia, isostatic compensation is complete for 3°x3° area, and is 
predominantly at the base of the crust. If his predictions are correct, 
testing the model becomes simple. If the region is in isostatic equilibrium, 
the mass of each unit column of material above the depth of compensation 
should be equal. If the depth of compensation is near the base of the crust, 
the problem simply becomes one of calculating the mass above the base of 
the model, since everything below that is assumed to be uniform. In the 
case of the Pilbara models, the base of the model is 52 km.
The masses of columns one kilometre square were calculated at Golds­
worthy, Newman and Meekatharra. The velocities were converted to densities 
using the empirical relations between density and P wave velocity of Nafe 
and Drake (in Talwani, Sutton and Worzel, 1959) and Dooley (1976). Figure 
17 shows the Nafe and Drake and the Dooley curves, and also those of 
Woollard (1959, 1968). Also plotted are the velocities and densities 
reported by Drummond (in preparation) for rock samples from the Pilbara 
region.
The masses of the one kilometre square columns were calculated by
adding together the masses of unit columns in each layer determined by
multiplying the thickness of each layer by its density. For the Dooley
9densities, masses of 158, 155 and 146x10 tonnes were calculated for the
Goldsworthy, Newman and Meekatharra regions. If the Nafe and Drake
9densities are preferred, the masses are 162, 157 and 154x10 tonnes 
respectively.
The masses of the unit columns reflect the thicker crust to the south. 
However, the variation in the masses is quite small when the uncertainties 
in their determination are considered and the models do not depart
7 1 .
significantly from isostatic equilibrium. Certainly the model is not 
purported to be a unique or exact solution of the seismic data, and the 
differences in the masses due to the different velocity-density relation­
ships demonstrate the problems of converting velocity measurements to 
densities.
The empirical velocity-density relations do not reflect the temperature 
of the rocks. Although the Pn velocity recorded for the Pilbara Block is 
higher than recorded anywhere else in Australia to date, it is consistent 
with the heat flow data (Cull and Denham, 1979). Cleary (1973) suggested 
an inverse relationship between Pn velocity and heat flow. Cull and 
Denham (1979) were able to quantify the relationship. High heat flow 
values in southeast Australia correspond to low Pn values, and low heat 
flow values in the Western Shield correspond to high Pn velocities.
The P-wave residuals at the stations on line ABC from Fijian and Tongan 
earthquakes have already been described. They are listed in Table 10 and 
plotted in Figure 7.
The residuals for Event 1 at stations in the north have a region trend 
to the south which cannot be explained in terms of the crustal structure; 
indeed, with the crustr-mantle boundary under the Pilbara Block dipping 
southwards, a reversal of the trend observed, with a slight negative 
residual at the northern recorders, would be expected.
The travel times through the models for rays incident at 21° at the 
surface were calculated for the models at Newman and Meekatharra. Although 
the dips in the north-south direction may be estimated or assumed, the dips 
to the east, the azimuth of the earthquakes, are not known. The layers 
were therefore assumed to be horizontal. Small dips are unlikely to cause 
large errors. The travel times were calculated for columns 52 kilometres 
thick. Below 52 kilometres, the earth was assumed to be laterally homo­
geneous. The times were 8.31 and 8.59s for Newman and Meekatharra
respectively. If the models are correct, the earthquake arrival times at 
Meekatharra should be 0.3s later than at Newman. The mean of the residuals 
at stations 026, 027, 029 and 030 (near Newman) is 0.03 (+0.04) which is
negligible. The mean of stations 042, 043 and 044 (just north of
Meekatharra) is 0.37 (+0.04)s.
The residuals south of Newman show two distinct positive steps to the 
south r- near station 033 and between station 040 and 041. The step near
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station 033 occurs about 40 km south of the Zone 1 and Zone 2 boundary.
The step between stations 040 and 041 occurs about 30 km south of the Zone 
3 and Zone 4 boundary.
The models therefore basically agree with the P wave travel time 
residuals from the Figian earthquakes, although the steps in the residuals 
do not concur precisely with structures interpreted from the refraction 
data. Perhaps this is because of the different azimuths of the earth­
quakes and the departure of the simplistic two dimensional models from the 
real earth.
7.2 Geological considerations of the models
The geology, shown in Figure 1, has been broadly interpreted and 
shown on Figure 14.
The Pilbara Block is interpreted from the geology as extending as far 
south as station 029, near which the southern edge of the Sylvania Dome 
occurs. However, from the seismic data, it is interpreted as extending 30 
to 40 km further south. It has two layers in the crust.
The Yilgarn Block is interpreted from the geology as extending north­
wards to recorder 038, which lies near granites supposed to be of Archaean 
age. This is in fairly close agreement with the Zone 3 and Zone 4 seismic 
boundary. The Yilgarn Block may therefore be interpreted as having a three 
layer crust.
As previously discussed, the models in Figure 14 are composed of poly­
gons separated by first order discontinuities. Such is not likely to be 
the case in the earth. The crust-mantle boundary in the Pilbara Block has 
already been shown to be marked by a velocity gradient. No work has yet 
been done on the nature of the intracrustal boundary. Throughout the region 
it has a depth in the range 13 to 16 km, and may be shallower under Golds­
worthy. The step in the boundary at Newman is more likely to be an anomaly 
in the modelling procedure than a real feature.
Hickman and Lipple (1973) present diagrammatic cross sections of the 
crust in the Marble Bar region. Based presumably on the dips of the 
strata in the greenstone' belts and on the foliation patterns in the granites, 
the sections show the granites and the synclinal keels of the greenstone 
belts extending to 30 km depth. Although they are only diagrammatic, they 
imply that the crust is likely to have an average acid to intermediate
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composition. Ringwood (1973) ruled out the likelihood of the lower crust 
being of basaltic composition. In a region of low heat flow, a dry mafic 
lower crust in thermodynamic equilibrium would exist as eclogite and have 
seismic P wave velocities of about 8.4 km s . Ringwood’s favoured model 
for the lower crust in old, stable regions is one of intermediate chemical 
composition composed principally of granulites and eclogites. It would 
have seismic P velocities in the range 6.5 to 7.2 km s*"^ . The interpretation 
of lower crustal material as granulites is supported by Tarney and Windley 
(1977) and Dawson (1977) although these workers favour some basification 
of the lower crust in continental areas. The velocity of 6.4 km s  ^ in the 
lower crustal layer in the Pilbara and Yilgarn Blocks is slightly less 
than those expected for Ringwood’s model. The Pilbara Block is likely to 
have a velocity gradient at the base of the crust, and the velocity of 
6.4 km s  ^ at the top of the lower crustal unit is likely to increase with 
depth and probably agrees with Ringwood's values deeper in the crust. As 
well, Glikson and Lambert (1976) propose that in the Pilbara and Yilgarn 
cratons, the granite to greenstone ratio increases with depth. They also 
predict an increase in the metamorphic grade to amphibolite and even gran- 
ulite facies with depth. Their prediction of lower amounts of greenstones 
at depth agrees with the model of Hickman and Lipple (1975). The lower 
crust might therefore be more acidic than Ringwood (1975), Tarney and 
Windley (1977) and Dawson (1977) would generally predict, and this might 
account for the lower observed velocities.
The seismic data in the Pilbara Block are therefore consistent with a 
crust of acid to intermediate chemical composition, with a transition, 
probably to granulites, at about 13 km.
The transition is also present in the northern Yilgarn Block, although 
it is slightly deeper. It is underlain at about 30 km depth by a third 
crustal layer with a velocity of about 7.0 km s ^. Mathur (1974) inter­
preted the crustal structure along several seismic and gravity profiles in 
the southern Yilgarn Block. In his east-west profile, the upper crustal 
velocity of 6.13 km s  ^ is in close agreement with the Pg apparent velocity 
measured northwards from the Meekatharra blast. Below his uppermost layer, 
however, he inteprets two layers with velocities of 6.60 to 6.72 km s  ^ and 
7.34 to 7.49 km s ^. Both of these velocities are higher than the 
velocities in the apparently corresponding layers measured from the 
Meekatharra blast (6.4 and 7.0 km s S  although the velocities from the
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Meekatharra blast are admittedly apparent velocities only. Glikson and 
Lambert (1976, p.62) found "the anomalously dense lowermost crustal layer —  
enigmatic". They suggested that it might be due to the accumulation of 
basic magmas at the crustr-mantle boundary during the break up of Gondwana- 
land. Tarney and Windley (1977) favour a mechanism whereby the crust 
becomes chemically stratified during its creation, the denser mafic 
material being restricted more to the lower crust. The velocities in the 
north of the Yilgarn Block are lower than the southern values, and are 
within the expectations of Ringwood’s model, The simpler explanation of 
the lowermost crustal layer being caused by further phase changes, perhaps 
to eclogite grade, with the increased pressure and temperature is 
attractive, because it eliminates the need to invoke a tectonic mechanism 
for injecting basic material into the base of the entire Yilgarn Block but 
not the Pilbara Block.
The steps in the Moho between Newman and Meekatharra were referred to 
previously as faults or monoclines. It is not possible to determine the 
nature of the structures - only their sense is obvious in the seismic data. 
They have all been modelled as vertical structures. This is because vertical 
structures require less programming time in the computer and are therefore 
easy to model. They are also the simplest structure likely to occur. The 
only limitations that can be placed on their width are that the boundaries 
between the zones all seem to be narrower than the station spacing in the 
region. The average station spacing along line BC, except near Newman and 
Meekatharra, was 20 to 30 km.
The lateral inhomogeneities in the crust are perhaps best discussed 
with reference to the gravity profile over the region. In Figure 14, the 
simple Bouguer gravity anomaly profile along line ABC was plotted from a 
contoured map of the region provided by H. McCracken (personal communication, 
1978), who is undertaking an independent analysis of the Pilbara gravity 
data. The map was compiled from all of the data for the region currently 
held in the BMR gravity data repository, including the detailed road 
traverses undertaken during the Pilbara Crustal Survey (Drummond, in 
preparation).
The sedimentary basins were not convincingly reflected in the seismic 
data. The low Pg velocities north of Newman have already been mentioned. 
Because the sediment velocity is very similar to the velocity in the 
crystalline basement , a sedimentary basin 2 to 3 km thick can be included
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in the model without having to adjust the depths of the model very much.
There is no indication of the sediment thicknesses in the Bangemall and 
Nabberu Basins, although perturbations that could be related to Bangemall 
Basin sediments may be interpreted in the Pg data south of Newman.
The southern limit of the Bangemall Basin outcrop area corresponds to 
the Zone 2 and Zone 3 boundary, but the northern edge of the basin outcrop
area is offset about 40 km to the north of the Zone 1 and Zone 2 boundary.
-2The basin has a broad 600 pm s gravity high centred over it. Since the 
seismic velocities imply uniform densities regionally in the upper crust, 
the transition zone at the base of the crust must represent denser crustal 
material than on either side of the zone. This is supported by Wellman 
(1978), who predicted on gravity evidence that the Mobile Belt between the 
Archaean cratons had a thicker, more dense crust than the cratons. Since 
the only lateral density differences seem to occur at the base of the crust, 
this further implies that the velocity gradient suspected at the crust- 
mantle boundary under the Pilbara Block is not as broad as the one at the 
base of Zone 2.
The Nabberu Basin is interpreted from the geology as overlapping the 
northern edge of the Yilgarn Block and its northern limits seem to correspond 
fairly well with the Zone 2 and Zone 3 boundary, It may be that the 
tectonism which folded the sediments and the Archaean basement of the 
Nabberu Basin (Hall and Goode, 1978) also left its imprint on the lower crust 
in the form of seismically anomalous material at the base of the crust in 
Zone 3.
76.
8. CONCLUSIONS
The Pilbara Block would seem to have a two-layered crust. It is 
probably acid to intermediate in chemistry, with a phase change to granulites 
at about 13 km, No study has been made of the velocity structure of the 
phase change. The crust-mantle boundary is probably transitional and has 
a dip to the south,
The Yilgarn Block has a three-layered crust. According to Ringwood 
(1975), the seismic velocities are consistent with a crust of acid to 
intermediate chemical composition.
The Proterozoic sedimentary basins seem to be underlain by an anomalous
lower crust, Beneath the basins in the Mobile Belt, the crust-mantle
boundary is transitional and is marked by high densities. The crust-mantle
boundary beneath the Nabberu Basin, where it overlaps the Yilgarn Block in
the south is not well defined and no statement about its nature is
Mpossible. There are some indications in the anomalous P arrivals from 
under the Hamersley Basin to the north of Newman that some features of the 
crust-mantle boundary are as yet uninterpreted. They may be more evident 
when other seismic profiles are interpreted.
The intercept times of the Pn phase from the Yilgarn Block recorded to 
the north and south of Meekatharra imply that the block thins to the south. 
The presence of a high grade (granulite) terrain in the Southwestern 
Province also suggests that the block is tilted to the north. The base of 
the Pilbara Block has a dip to the south that is about the same as the dip 
observed in the Hamersley Basin sediments over the block, implying that the 
entire block must have been tilted to the south following the deposition of 
the sediments. The mirroring of the structures of the Hamersley Basin 
sediments in the Nabberu Basin sediments may be explained by a tectonic 
process that tilted the Pilbara and Yilgarn Blocks towards the common Mobile 
Belt, with resultant tilting and slumping of the sediments.
Palaeomagnetic data (McElhinny and McWilliams, 1977; Embleton, 1978) 
imply that the blocks are unlikely to have formed at widely separated 
locations and then brought together by some form of continental drift 
mechanism. However, they do not rule out the possibility that the blocks 
may have formed as one craton which was later rifted, as proposed by 
Horwitz and Smith (1978), The present data cannot define the nature of the
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crust in the Mobile Belt with sufficient clarity to determine whether 
the Mobile Belt represents an ancient rift system. However, the different 
thicknesses of the blocks and the divergent isotopic ages for rocks within 
the blocks tend to imply separate development of the blocks in their 
approximate relative positions,
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9. RECOMMENDATIONS FOR FUTURE STUDY
Several inadequacies in the models for line ABC have already been 
discussed (Chapter 6) . Clearly, further work is required before the models 
fit the data more closely.
MThe double-arrival nature of Newman P phases along line AB, the
anomalous, large ampliutde arrivals between 6 and 8s at about 200 km to the
Mnorth of Newman, and the poor fit of the P phase to the Goldsworthy data 
all indicate that the crustal model, and in particular the velocity-depth 
function for the Pilbara Block, is inadequate. However, more data are 
available for the Pilbara Block, along lines AHDE and GHDE. They should 
be analysed and if the anomalies noted along line AB are present, further 
modelling using synthetic seismogram programs should be undertaken to 
determine in more detail the velocity-depth function of the Pilbara Block.
If the anomalies are not present, there is every likelihood that on line AB, 
they are due to source effects in the case of the double arrivals for Newman 
data or local structure in the case of the other anomalies, and determining 
their cause with the present data may prove difficult.
It may not be possible to analyse the crustal parameters of the Yilgarn 
Block in more detail than the present study, which has obviously been 
hampered by lack of data over the Yilgarn Block,
Analysis of the data along lines AHDE and GHDE should also test the 
lateral extent of the models derived from the data along line ABC. As 
mentioned in Chapter 6, the data for line DC fit the models for line ABC 
only in the south where the lines converge; in the north, in the northern 
Bangemall Basin and southern Hamersley Basin, the theoretical travel times 
for the models depart from the observed values.
Line FDB traversed along the axis of the Hamersley Basin. The record 
sections for the line are displayed in Figures 3.24 to 3.38, and composite, 
filtered record sections for Newman to the west and Pannawonica to the east 
are shown in Figures 18 (a and b) and 19 respectively, Figure 18b shows 
the same traces as Figure 18a, except that the amplitudes of the traces are 
normalised so that the maximum peak to trough amplitude is the same for all 
traces. This emphasises the arrivals on the traces beyond 270 km. The 
timer-distance lines plotted in Figure 4 are superimposed on Figures 18 and 
19. Figures 18 and 19 are included in this report to emphasise the
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differences between the record sections along the axis of the Hamersley 
Basin and across it along line ABC.
Whereas a Pg phase velocity of about 6 km s was clear on all record
sections along line ABC, the earliest phase out to 60 km to the west of
Newman has a velocity of 6.68 km s 1 and a slightly positive intercept
time of 0.126s (compare this with the slightly negative intercepts for Pg
data recorded north of Newman). Beyond 60 km, however, its amplitudes
decrease, and about 2s later another, smaller phase occurs, followed about
Is later by a possible third phase. The phase marked P*? between 190 and
M280 km in Table 6 is probably the P wave group, and its cusp with the Pn
phase is probably at about 90 or 100 km. The Pn phase is very indistinct.
MThe large amplitude P phase is not seen beyond 260 km, although a phase 
occurring 4s later may be its continuation.
The Pannawonica data, shown in Figure 19, indicate a Pg phase velocity 
consistent with the data for line ABC, but the Pn phase, as with the Newman 
data just disucssed , is very small. This indicates that the nature of the crust/ 
mantle boundary along the axis of the Hamersley Basin is probably different to that 
along the line ABC, where fairly strong Pn phases were recorded. The high 
frequency reverberations noted on many traces beyond about 200 km (for 
example, the traces at 240 and 325 km) are probably a source effect.
Deviations of crustal structure along the axis of the Hamersley Basin 
from the models derived for line ABC are therefore likely in the upper crust 
to the west of Newman, and in the nature of the crust-mantle boundary.
Record sections of Tom Price and Paraburdoo data, not discussed here, but 
presented in Figures 3.28 to 3.30, confirm this.
Analysis of the data along lines AHDE, GHDE, FDB and DC should there­
fore extend the two dimensional models along line ABC into a fence diagram 
of the crust in the Pilbara Block and the Mobile Belt. Whereas the geology 
indicates a two dimensional regional crustal structure, within the scale of 
the experiment, lateral variations must occur.
Further analysis of the data should therefore include the following 
steps:
1. The data for lines AHDE and GHDE should be digitised, and 
record sections produced;
2. The data from lines AHDE, GHDE, DC and FDB should be analysed
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in a manner similar to that discussed here for the data from 
line ABC to produce simplistic, two-dimensional models;
3, An attempt should be made to apply the M0ZA1C Time-Term 
Method of Bamford (1976) to the Pn data to study in more 
detail the relief on the Moho;
4, The seismic models derived in steps 2 and 3 should be 
integrated and tested by gravity modelling and analysis 
of the shear wave data;
5. The nature of the boundaries within the crust and the 
crust-mantle boundary should be studied using synthetic 
seismogram modelling; and
6. Careful consideration should be given to the relationship
of the seismic models to the tectonic framework and geological 
provinces of the region.
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APPENDIX
The details of the models illustrated in Figure 14 are listed below. 
Velocities in the layers are given in kilometres per second. The interface 
depths are given in kilometres and their dips in degrees. A positive dip is 
to the right of the model as drawn. For modelling purposes, the models were 
divided into sections, numbered below from 1 to 7. Section 1 is at the left 
hand end of each model.
1. Figure 14(a) 
Section 1 - length 170 km
Left depth Right depth Dip Velcoity
6.01
13.04 13.04 0.000
6.40
27.60 29.83 0.752
8.34
Section 2 - length 35 km
Left depth Right depth Dip Velocity
5.86
0.0 3.0 4.899
6.01
13.04 13.04 0.000
6.40
29.93 30.29 0.753
8.34
Section 3 - length 130 km
Left depth Right depth Dip Velocity
5.86
3.0 2.0 -0.441
6.01
13.04 13.04 0.000
6.40
30.29 32.00 . 0.754
8.34
87.
Section 4 - length 80 1<m
Left depth Right depth Dip Velocity
6.08
10.15 11.40 0.895
6.37
32.00 33.05 0.752
8.34
Section 5 - length 100 km
Left depth Right depth Dip Velocity
6.08
11.40 12.97 0.899
Transition zone - 15 horizontal layers 1 km thick;
velocity increment per layer 0.12 km s ranging
from 6.37 km s  ^at 22 km depth to 8.18 km s ^
at 36 km depth.
37.00 37.00 0.00
8.30
Section 6 - length 50 km
Left depth Right depth Dip Velocity
6.10
12.97 13.76 0.905
Transition zone - 15 horizontal layers 1 km thick;
velocity increment per layer 0.12 km s ranging
from 6.40 km s  ^at 28 km depth to 8.18 km s ^
at 42 km depth.
43.00 43.00 0.00
8.30
Section 7 - length 140 km
Left depth Right depth Dip Velocity
6.18
13.76 15.95 0.896
6.40
32.50 32.50 0.000
7.00
52.00 52.00 0.000
8.30
88.
2. Figure 14(b)
The model in Figure 14(b) is identical to that of Figure 14(a), 
except in Section 6 where no transition zone occurs.
Section 6 - length 50 km
Left depth Right depth Dip Velocity
6.10
12.97 13.76 0. 905
6.40
32.50 32.50 0.000
7.00
43.00 43.00 0.000
8.30
3. Figure 14(c)
The model in Figure 14(c) is identical to that of Figure 14(a),
except that in Sections 6 and 7 a wedge of 6. 9 km s material has
replaced the lower crustal layers.
Sections 6 and 7 - combined length 190 km
Left depth Right depth Dip Velocity
6.18
12.97 15.95 0.896
6.40
30,00 32.50 0.367
6.90
30.00 54.00 7.199
8.35














